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VI PREFACE 


Finally there were several arguments in favor of the use of English 
instead of the German language. 

The work for these studies has been performed partly in the laboratory 
of the ‘Koninklijke Nederlandsche Gist- en Spiritus Fabriek’’ and partly 
in the Yeast Division of the ‘‘Centraalbureau voor Schimmelcultures” 
both at Delft. 


We gladly take this opportunity of recording our warmest thanks to 
Professor Dr A. J. Ktuyver for his never failing interest during the 
studies which have led to this book, for his kindness in reading the 
manuscript and for making many suggestions for its improvement. 

Furthermore, we wish to express our gratitude to the Directors of the 
“Koninklijke Nederlandsche Gist- en Spiritus Fabriek’ at Delft for 
giving the first author the facilities and time to work on the book. 

The drawings were all made by Mrs P. J. KLINKHAMER-HELLENDOORN. 
We are very grateful to her for the conscientious and attractive way in 
which she has performed this task. Many thanks are also due to Dr H. J. 
Puafr for helpful linguistic criticism of part of the text; to Professor Dr 
J. Lansouw for his advice in the application of the International Rules 
of Botanical Nomenclature; and to Miss A. O. Jamzs for her assistance in 
the preparation of the Latin diagnoses. 

Finally, we wish to acknowledge our indebtedness to all who contributed 
in any way to the realization of this book. 
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Signs 


“The American Type Culture Collection” at Washington 
(D.C., U.S.A.); before 1938 at Chicago (IIL, U.S.A.). 


“Centraalbureau voor Schimmelcultures’” at Baarn 
(Holland); Yeast Division in the ‘‘Laboratorium voor 
Microbiologie” at Delft (Holland). 


“The Central Laboratory of the South Manchuria Rail- 
way Co.” at Dairen (Manchuria). 


“The National Collection of Type Cultures” at the 
Central Public Health Laboratory, London; before 
1949 at the Lister Institute of Preventive Medicine 
at London. 


+ Before references indicates that the original paper was inaccessible 
to the authors. 


Drawings 


Magnification of the drawings of the cells in malt extract and of 
the sporulating cells is 1000 x. 

Magnification of the drawings of the slide cultures is 435 x, unless 
otherwise indicated. 

For the drawings of the malt extract cultures the type strains were 
always taken; for the other drawings sometimes other strains were 
used. In such cases the particular strains are designated clearly. 
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CAP PERI 
INTRODUCTION 


The first information to be expected from a book which bears the title: 
“The yeasts” is an answer to the question: “What are yeasts?” 

For the authors it is, therefore, most painful to have to state that it is 
not possible to give a satisfactory definition of the term ‘yeasts’? which 
fully embraces all the organisms which are nowadays more or less generally 
accepted as belonging to the yeast domain. We shall, therefore, have to 
confine ourselves to an attempt to retrace the historical development of 
the notion “‘yeasts’’. 

From of old the words for yeast in the various languages have been 
directly linked to the process of alcoholic fermentation of sugar containing 
liquids. In those days when it had not yet been discovered that yeast cells 
are the agents of the fermentation names were given to the most 
characteristic features of this process, and these names were later trans- 
ferred to the micro-organisms obviously active in this process, the yeast cells. 

The first visible manifestation of alcoholic fermentation of sugar con- 
taining liquids is the evolution of carbon dioxide. This leads to foam for- ; 
mation, at the same time solid particles being pushed to the surface. 
Finally at the end of the fermentation a sediment is formed. 

A reference to all these phenomena is clearly found back in the words 
used for “‘yeast’’ in the various languages. So the literal meaning of the 
word for ‘“‘yeast’’ (in Dutch “‘gist’’) is foam, as is still preserved in the 
German word “Gischt’’. On the other hand the French word “‘levure”’ is 
evidently connected with rising (“lever”). The German word ‘“‘Hefe’’, in 
Middle Dutch “‘heffe’’, obviously refers to the same phenomenon, cf. the 
German word for to rise “heben’’ and the Dutch “‘heffen’’. Apparently the 
word ‘“‘Hefe” (‘‘heffe’’) was later also used to indicate the sediment, the 
“faeces cerevisiae’ of the earlier learned authors, probably when it had 
become clear that this sediment comprises the agent of the fermentation. 

It was only in the 19th century that ScHwann and CAGNARD—LATOUR 
discovered that these final sediments consisted mainly of living micro- 
organisms which were responsible for the fermentation. Microscopic 
examination showed them to be hyaline, round to oval, budding cells, 
mostly occurring singly. Later it was found that these organisms were 
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able to form ascospores. Gradually, however, other organisms were found, 
in certain morphological respects very similar to those first found in 
alcoholic fermentations, but deviating from these in one or more properties. 
They lacked e.g. the ability to cause fermentation or to form ascospores, 
sometimes they formed pigments, or they reproduced not by budding but 
by fission. The often remarkable similarity of the young vegetative cells 
has led to the general use of the name “‘yeasts’’ for all these organisms. 

In consequence hereof it has to be acknowledged that at the present 
day the term “yeasts” denotes a group of micro-organisms which is 
neither well-defined, nor homogeneous. It even must be admitted that 
the boundaries of the yeast domain are vague, and subject to arbitrary 
decisions. The heterogenicity of the yeasts clearly finds its expression 
in their classification in various classes of the Fungi. 

We shall distinguish three main groups. 

In the first group besides a vegetative reproduction a sexual reproduction 
is found in the formation of asci with ascospores. These ascosporogenous 
yeasts belong to the class of the Ascomycetes, fam. Endomycetaceae. 

For the second group it is characteristic that besides. a vegetative 
reproduction mainly by budding so-called ballistospores are formed. These 
spores originate on a sterigma and are ejaculated by a drop-excretion 
mechanism. These yeasts are classified in the family of the Sporobolo- 
mycetaceae. The systematic position of this family is uncertain, since it is 
still a point of controversy whether the ballistospores have to be con- 
sidered as basidiospores or as conidia. 

In the third group neither ascospores nor ballistospores are formed. 
These yeasts belong to the Fungi imperfecti, fam. Cryptococcaceae. 

The subdivision of the yeasts in these groups has gradually developed 
up to the present classification with the increase of the number of 
organisms discovered and with a greater insight in their characteristics. 
During this development there have been changes in the use of the 
properties for the classification. Originally the morphological characteristics 
played a dominating role besides some physiological ones. Later on the 
latter came to the fore. 

It will be clear that the classification of such primitive organisms as 
yeasts is highly dependent on the taxonomie value attached to the various 
characteristics, and it is not astonishing that the opinions of different 
authors may differ in this respect. In chapter IT an account is given of our 
attitude in this matter. It will appear that some properties are highly 


rated by us, whereas others still seem to provide an uncertain basis for 
classification. 





Cx. T] INTRODUCTION 3 


In a discussion of characteristics problems of heredity and variability 
cannot be neglected. A brief survey of the investigations on these subjects 
is given in chapter III. 

Our main principle is to give first rank to morphological characteristics 
in so far that these are mainly used for the primary divisions. In the 
species differentiation, however, physiological properties have been widely 
made use of. 

In addition we have given preference to those morphological and 
physiological properties which can be studied with simple methods. A 
further principle was not to pay too much attention to minor differences; 
it seems most desirable to leave open the possibility for a certain fluctu- 
ation within the taxon 4). 

Though, consequently, some species may still show a rather heterogene- 
ous complexity, they have the advantage of being easily determinable with 
our standard examination procedure. Within this group-like species a 
further differentiation may be possible. There are, however, occasionally 
properties important for practical purposes which are not recommendable 
from a taxonomic standpoint. 

Often a continued study led to a devaluation of some property resulting 
in a simplified differentiation. In some cases a character proved to be 
unstable on prolonged cultivation. In other cases the larger number of 
strains studied providing many transitions between initially accepted 
species made it impossible to maintain the separation. This is the reason 
why we had to discard many species earlier described, which finds its 
expression in the long lists of synonyms. 

The process of this so-called lumping may be reversed by making use of 
more characters. This, for instance, comes forward in this book in the more 
general application of the character of pseudomycelium formation and in 
that of the character of raffinose fermentation in its different variations. 

Some authors have looked for additional differentiating characters 
(cf. chapter IT). These have been found in the physiological properties, 
especially in those revealed by the assimilation tests. The number of 
compounds which can be used in this respect is very large. It is clear, 
however, that such an unlimited and irrational application of arbitrary 
compounds in assimilation tests may well lead to an undesirable and 
unpracticable splitting in dwarf species. 

Such a study of additional physiological properties may, however, be 


1 La 1@ . 7° 
1) Lam proposed the short term taxon for a taxonomic group. This term was 
propagated by Lansouw. The Seventh International Botanical Congress at Stock- 
holm 1950 accepted its use in the International Rules of Botanical Nomenclature. 
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very useful in giving information on particular strains of a species or in 
distinguishing groups within a species. 

Things are different, however, when the assimilation of a certain 
compound should correlate with other properties and so would contribute 
to the demarcation of two species. Mainly in this way the results of the 
assimilation tests of various less common carbon compounds were used 
by WickERHAM and Burton (1948) and WICKERHAM (1951) in the study 
of the genus Hansenula. 


We shall now give a brief survey of the composition of the book 
together with some data of practical significance. 

‘Chapter II deals with the characteristics used in our present classi- 
fication; other properties applied by various investigators, But not used 
by us, are briefly discussed. Our methods for establishing the various 
characteristics are outlined. 

In chapter III a survey is given of the different types of variation which 
may occur in yeasts, and the significance of these variations for yeast 
taxonomy is discussed. 

In chapter IV we give the main lines of the classification—up to the 
genera—as it has ultimately been accepted by us. The considerations 
which led to this classification are put forward. The place which should 
be appointed to the three families: Hndomycetaceae, Sporobolomycetaceae and 
Cryptococcaceae in the system of the Fungi is, as far as possible, indicated. 

A discussion of the species accepted in the various genera follows for 
the three families in the chapters V, VI and VII respectively. First 
synonyms and the original description of the species are given. The 
diagnosis of each species is then laid down in a standard description. As 
much as possible details on the origin of the cultures are added. At the 
end of the discussion of each genus reference is made to the pertaining 
literature. 

As will be clear from the above, this book aims at being more than a 
mere manual for the identification of yeasts, but on the other hand full 
attention is given to the fact that many readers may want to use it chiefly 
in this respect. For them the following directions may be of special use. 

In identifying a yeast the decision has first to-be made to which of the 
three families: Hndomycetaceae, Sporobolomycetaceae or Cry ptacoccaceae the 
yeast strain in question belongs. Generally this will be easily decided by 
studying the ability to form ascospores or ballistospores. The methods 
hereto, as well as those required for the establishment of all other 
characteristics are found in chapter II. 
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The chapters V, VI and VII respectively, begin with a key to the genera 
of the family. On the page mentioned after each name of a genus a key to 
the species of this genus is given. For a final check-up one can find after 
each name of a species in the latter key the page on which the standard 
description of the species is given. 


A few remarks of technical importance may still be made. 

Regarding the typography used in our nomenclature we mention that 
epithets of accepted species and varieties and those of the synonyms are 
without exception written with a small initial. In doing so we have 
‘complied with the modified Recommendation XLIII of Art. 70 of the 
International Rules of Botanical Nomenclature which was accepted at 
the Seventh International Botanical Congress at Stockholm in 1950. The 
said recommendation advises the universal use of a small initial for 
specific and subspecific epithets. 

In specific (subspecific) epithets created by previous authors often slight 
orthographic errors were encountered. These errors, in the first place, 
concern the gender of the adjectival specific and subspecific epithets. 
Art. 27 and 28 of the International Rules of Botanical Nomenclature state 
that a specific or subspecific epithet when adjectival should agree in 
gender with the generic name. 

In the second place often departures from Recommendation XL of 
Art. 70 of the above mentioned Rules were met with. This recommendation 
refers to the spelling of specific (subspecific) epithets taken from the 
names of men and used as substantives. It recommends to add the letter i 
when the name ends in a vowel except when the name ends in an a, then 
e should be added. When the name ends in a consonant the letters ii 
should be added, except when the name ends in er. Then only i should 
be added. 

Orthographic errors against the above mentioned Articles and Recom- 
mendation were corrected by us in these cases in which the binary specific 
or trinary subspecific name was accepted. 
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CHAPTER fl 


CHARACTERISTICS AND METHODS USED IN THE CLASSIFICATION 


§ 1. INTRODUCTION 


In order to classify a yeast it will have to be submitted to an examination 
necessary for the establishment of the properties which are essential for 
its systematic position. 

In the following we wiil give a brief discussion of the characteristics 
usually applied in yeast taxonomy leading to a list of those properties 
which have been accepted by us. 

Every classification is based in the first instance on morphological 
properties and so in yeast taxonomy the initial division in the three 
families > Endomycetaceae, Sporobolomycetaceae and Cryptococcaceae depends 
on the formation, whether or not, of spores: ascospores or ballistospores. 

The primary classification of the. yeasts up to the genera is for the 
greater part also based on morphological characters, to wit: the vegetative 
and sexual reproduction. 

A further morphological property not seldom used is the macroscopical 
aspect of the cultures. This property has, however, in our opinion 
only minor importance, since it is often subject to variation, ef. 
chapter III. 

Since in practice it is impossible to base a system of yeasts merely on 
morphological characters, already the earlier authors have also applied 
physiological properties for the differentiation. 

Belonging more or less to both types of properties is the character of 
pellicle formation on liquid media. The aspect of the pellicle may depend 
on the morphological properties of the cells, whereas the formation of a 
pellicle may be a symptom of a predilection for oxygen by the yeast 
in question. 

It is easily understood that the property to ferment sugars with 
formation of ethanol and carbon dioxide is one of the oldest physiological 
properties used in yeast taxonomy. Generally the sugars tested are: 
glucose, mannose, fructose, 


galactose, saccharose, maltose, lactose, raffinose 
and occasionally inulin. 


For those yeasts whi av or ativ i indi 
those yeasts which have no fermentative power it was indicated 


to bes 17T ahili T QAI . ye “1 3 © . 7 > 
test their ability to attack sugars in another way. When it appeared 
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that such yeasts could grow in a medium with a sugar as sole source of 
carbon, it was evident that they partly used this sugar for the synthesis 
of their cell material, partly as a substrate for their respiration. It then 
appeared that the property to use sugars as an assimilation and a 
respiration substrate could be a helpful characteristic in the classification 
of the non-fermenting yeasts. This property was established by assimilation 
tests. 

Experience has taught that those yeasts which can ferment a sugar are 
also able to use it for the synthesis of their cell components, and that, 
therefore, in these cases the assimilation tests are positive. In many older 
publications it was, however, also asserted that yeasts of the fermentative 
type may be able to assimilate a disaccharide although they are not able 
to ferment it. This rather unexpected statement has been confirmed by 
KLUYVER and CustEers (1939—’40) who explained it by the presence of 
only small quantities of the hydrolases in question and by the inactivation 
of these hydrolases under anaerobic conditions. This opened the possibility 
for a taxonomic application of the sugar assimilation tests also for 
fermenting yeasts. 

In our subdivision of the genera into species fermentation and sugar 
assimilation play an important role. 

The property to oxidize the ethanol previously formed by the fermenting 
yeasts has been generally studied. Also for the non-fermenting yeasts the 
property to use ethanol as sole source of carbon was tested. According 
to our experience not much value can be attached to it. 

Whilst we have restricted our carbon assimilation tests to the five 
following sugars: glucose, galactose, saccharose, maltose, lactose and to 
ethanol, WIcKERHAM and Burton (1948) and WicKERHAM (1951) ') have 
advocated the use of a much wider scale of carbon compounds. The 
advantages and disadvantages of this procedure which may lead to a 
more farreaching differentiation have been discussed in chapter I. 

The ability to use various nitrogen compounds as N source has been 


generally considered. It appeared, however, that only the ability to use, 


whether or not, nitrate as sole N source has practical significance in yeast 
taxonomy (WICKERHAM 1946). This property is important in our specific 
differentiation, occasionally also in generic differentiation. 

ScuuLtz and Pomper (1948) made a comparative investigation of the 
assimilation of amino acids by various yeast strains. A further study will 


1) Since we received WIcCKERHAM’s publication after our manuscript had been 


inished, i ssik rive it full consideration. 
finished, it was not possible to give it f 
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be necessary to decide whether this property can be successfully applied 
in yeast taxonomy. 

Besides the above mentioned assimilation of carbon- and nitrogen 
compounds also the assimilation of sulfur: compounds was considered. 
It was studied by Scuuttz and McManus (1950). Also here an extension 
of the examination to more strains seems recommendable. 

A property to which lately much attention has been given is that of the 
vitamin requirements of the yeasts. BuRKHOLDER (1943) found that there 
exist marked differences between the various species. SCHULTZ and ATKIN 
(1947) made an effort to use this character for the differentiation within 
the species. They studied especially a number of strains of Sacch. cerevisiae 
and of Sacch. carlsbergensis, and found that in each species several types 
could be distinguished on the basis of their bios requirements. 

We studied these requirements in a large number of Sacch. cerevisiae 
strains. Although many of the results reported could be reproduced fairly 
well, there were also many doubtful cases. Moreover, the result appeared 
to depend to a large extent on the time of observation: many strains when 
judged after 48 hours seemed to require certain vitamins. However, if 
the experiment was extended over a longer period good proliferation in 
the vitamin-free media was frequently observed. Our conclusion is, there- 
fore, that it is difficult to establish sufficiently stable differences in vitamin 
requirements between various strains, and for this reason we have thought 
it premature to apply these characteristics in our taxonomy. 

Of the remaining physiological properties the presence of carotenoid 
pigments used by us in the demarcation of the subfamily of the Rhodo- 
toruloideae and the production of a starch-like compound deserve special 
attention. The latter property has been established by Macer and 
ASCHNER (1947) for various capsulated yeasts and has been used by us 
in the demarcation of the genus Cryptococcus. 

A strong production of acid from glucose is one of the properties which 
characterize the genus Brettanomyces. 

In our experience the splitting of arbutin or esculin, originally used in 
distinguishing the genera Pichia and Hansenula, has only value in some 
special cases. 

The same holds for the properties of fat splitting, changes in litmus 
milk and ester production. 

Gelatin liquefaction which was considered in the former monographs 
has been rejected for practical application owing to its ambiguity. 

A survey of the characteristics applied in the present classification 
follows: 
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Morphological properties 


1. Characteristics of the vegetative reproduction 
Shape and size of the cells 

Ascospore formation 

Ballistospore formation 

Shape of the ascospores and of the ballistospores 
Macromorphological characteristics of the cultures 


Se haa 


Physiological properties 


Pellicle formation on liquid media 
Fermentation 

Sugar assimilation 

Assimilation of nitrate 

Ethanol as sole source of carbon 
Splitting of arbutin 

Production of carotenoid pigments 
Production of starch-like compounds 
Production of esters 

Reaction in litmus milk 

Splitting of fat 

Production of acid 


CHAB MAP wy oe 


Se 
oil eo hm, 


In the following §§ these characteristics and the methods used to study 
them will be dealt with. 

First the value of the criterion in question is discussed; then a brief 
survey of the method to establish this criterion is given. After that follows 
a description of the method as finally applied by us. Next the composition 
of the test media is given, as well as prescriptions for their preparation. 


Before proceeding to the actual tests, however, we have always 
ascertained whether the strain under investigation was pure by plating 
out on malt agar. 

Plating of a well-isolated colony and picking another well-isolated colony 
from the second plate gives—provided that all colonies on this plate are 
uniform in type—practically the same guarantee of purity as making 
single-cell cultures. In view of the large number of strains we had to study 
we applied the former method. Single-cell cultures were only made by 
way of exception. In a number of special cases also single-spore cultures 


have been made. 
The yeast cultures studied have all been maintained on malt agar. 
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All the tests have been performed in duplicate. The temperature used 
for cultivation was 25° C. unless otherwise indicated. 


§2. MORPHOLOGICAL PROPERTIES 
1. Characteristics of the vegetative reproduction 


The characteristics of the vegetative reproduction are of basic taxonomic 
importance. 

With regard to the way of reproduction we can distinguish between 
budding only (e.g. in Saccharomyces, Torulopsis) or fission only (in 
Schizosaccharomyces): Both ways of reproduction may occur side by side 
(e.g. in Endomycopsis, Trichosporon). 

In the budding yeasts the way in which a bud is formed and separated 
from the mother cell is an important characteristic. The bud may arise 
on different parts of the cell surface on a narrow base, e.g. in Saccharomyces, 
or it may be formed only at the poles of the cell on a more or less broad 
base, e.g. in Saccharomycodes and Kloeckera. 


If a yeast reproduces by budding only, either the outgrown bud may 
separate at once from the mother cell, or a number of cells may adhere 
to each other in chains with a tendency to form a pseudomycelium, or a 
typical pseudomycelium may develop. 

With the term pseudomycelium we indicate filaments consisting of 
elongate cells which have originated by budding. These filaments are 
often branched. ‘ 

In the most primitive stage complexes of more or less elongate cells of 
equal size occur; more differentiated forms consist of long pseudomycelium 
_ cells provided with a so-called “‘appareil sporifére” (LANGERON et TALICE 

1932), i.e. round or oval yeast cells (blastospores)\which are more or less 
regularly arranged around the pseudomycelium cells. 

In this connection it can be observed that LODDER (1934) used this 
property to draw a line of demarcation between the two subfamilies 
Torulopsidoideae and Mycotoruloideae. The former subfamily had no or 
only a primitive pseudomycelium, the latter had both a pseudomycelium 
and an “‘appareil sporifére’’. 

In the present study we have, howev er, in the differentiation between 
the genera Torulopsis and Candida slightly changed this criterion in so 
far as the mere occurrence of a pseudomycelium, i.e. all forms of con- 
crescence of elongate cells, is already decisive for the genus Candida. This 
means that the genus Torulopsis differs from the genus Candida in the 
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absence of a well-formed pseudomycelium, the presence of an ‘‘appareil 
sporifére”’ for the latter genus being no longer required. 

It has to be acknowledged that there are transitional cases. When the 
pseudomycelium has not much developed it will often be difficult to decide 
whether pseudomycelium occurs or not. Moreover, the formation of 
pseudomycelium may be markedly influenced by external factors. Never- 
theless it is generally a helpful characteristic in the classification of the 
asporogenous yeasts which through the lack of sexual reproduction are 
often difficult to differentiate. 

In addition to these remarks on the application of the pseudomycelium 
character as a taxonomic criterion it should be observed that there exist 
differences in the way in which the blastospores are arranged on the 
pseudomycelium. LANGERON and TaLicz (1932) based on these differences 
a Classification of the pseudomycelium forming yeasts into several genera. 
However, LANGERON and GuERRA rejected in 1938 this classification since 
it proved to be impracticable. »— 

Nevertheless, the names of these genera are still much in use to indicate 
the various types of pseudomycelium formation, and so we too have often 
applied these names in’ our standard descriptions. The types in question 
can be characterized as follows: 

“‘Mycotorula’’: Blastospores arranged in compact spherical clusters around 
the top of the pseudomycelium cells. 

““Mycotoruloides”: Blastospores in loose branched verticils. 

“Candida”: Chains of blastospores arising at the ends of the pseudo- 
mycelium cells. 

““Mycocandida” : Strongly branched pseudomycelium. Blastospores in small 
verticils, often only two symmetrically arranged blastospores. 

“Blastodendrion”: Stalagmoid blastospores arranged in a penicillium- 
shaped way. 

Another term, introduced by Lanerron and Tarice, has been used by 
us, i.e. blastoconidia, for those blastospores which do not arise terminally, 
but pleurally at the pseudomycelium cells, and which often originate on 
small protuberances. It seems, however, not probable that there exists a 
fundamental difference between blastospores and blastoconidia. 

If a yeast merely reproduces by fission of the cells, the mycelium, if 
formed, will be a true mycelium, 

A true mycelium consists of long unseptate thread-like, eventually 
branched cells, or of usually branched threads in which at intervals septa 
have been formed. ; 

The mycelium thread may after manifold septation break up into short 


— 


12 CHARACTERISTICS AND METHODS (Cu. II, §2 


rectangular cells which may round off later and are called arthrospores. 
In the genus Schizosaccharomyces arthrospores predominate, although 


true mycelium may occur. 


In those cases in which a combination of budding and fission is found 
the cells usually start by budding. After a shorter or longer time a yeast 
cell grows out to a long filament in which septa may be formed which 
ultimately may lead to arthrospore formation. The difference between 
pseudomycelium and true mycelium is often difficult to recognize, especially 
in older cultures. 

Coincidence of pseudo- and true mycelium with blastospores and 
arthrospores is found in the genus J'’richosporon. In the other genera with 
pseudo- and true mycelium no arthrospores are formed. “ 

In the genus Candida forms with pseudomycelium only and forms with 
both true and pseudomycelium occur. 

In the ascosporogenous yeasts one of the main differences between the 
tribe of the Endomycopseae (genus Endomycopsis) and the tribe of the 
Saccharomyceteae is the presence of true mycelium in the former and 
absence of it in the latter. 


The way of vegetative reproduction is in the first instance studied in 
the malt extract and malt agar cultures (cf. § 2,2). 

In the second instance it is observed in slide cultures with potato- or corn 
meal agar. In our experience the two media give almost identical results. 

The slide culture method was devised by Rivatipr and SrypeEn 
(1932 a and b); it was extensively used by LoppEr (1934) and DippEns 
and LoppErR (1942) for the asporogenous yeasts. 

We have employed this method also for the sporogenous yeasts. ” 

WIcKERHAM and Duprat (1945) improved this method by incubating 
the slides with a cover slip over part of the inoculated streaks, thus 
locally creating more or less anaerobic conditions. In several species the 
development of hyphae was promoted by this procedure. According to 
WICKERHAM (1951) it was Datmavu who originally used the cover slip 
method. 


Method 


A Petri dish containing a U-shaped glass-rod on which two slides are placed is 
subjected to dry sterilization. 

The potato- or corn meal agar is melted alfa poured into another Petri dish; 
immediately hereupon the slides are taken from the glass-rod with a flamed tweezer 
and are dipped into the liquid agar and replaced in the first Petri dish. 

After the agar has solidified, the yeast is inoculated in three lines on the slides. 
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A sterile cover slip is placed over part of these lines. Some sterile water is poured 


into the Petri dish to prevent drying up of the agar. The culture is then incubated 
at 25° C. 


For observation, after 4 or 5 days, the slides are taken from the Petri dish and 
the agar is removed from the back of the slide, The parts of the inoculation lines 
under and beside the cover slip are studied under the microscope. 

Preservation of the preparations is possible using the method of Rivatrer and 
SEYDEL (1932 a and b). 


Media 

Potato agar is prepared in the following way: 

100 g washed, peeled and thoroughly ground potatoes are soaked in 300 cc tap 
water for several hours in a cold place (cellar, refrigerator). The mass is filtered 
through a cloth and autoclaved for one hour at 120° C. 

For the preparation of the agar to 230 ce of this liquid is added: 770 ec tap water, 
20 g glucose and 20 g agar. The final medium is sterilized for 15 minutes at 120° C. 


For the preparation of corn meal agar SKINNER (1947) employed a method after 
BERNHARDT (1946). His prescription runs as follows: 

12,5 g of yellow corn meal in 300 ce water are heated in a water bath of 60° C. 
for one hour; then filtered through a filter paper. The volume of the filtrate is brought 
back to 300 ce, and 3,8 g agar is added. This mixture is sterilized for 15 minutes 
at 120° C. The hot liquid is filtered through cotton wool, tubed and again sterilized 
for 15 minutes at 120° C, 


2. Shape and size of the cells 


The shape of the cells is especially valuable in taxonomy. As a matter 
of fact it is closely connected to the way of vegetative reproduction. In 
many cases the cell shape as a result of this reproduction is so typical 
that it can even be used in generic differentiation. Apiculate cells in 
Saccharomycodes, Nadsonia, Hanseniaspora and Kloeckera, bottle-shaped 
cells in Pityrosporum and triangular cells in T'rigonopsis are typical 
examples. 

When the shape of the cell is less conspicuous, e.g. round, oval or 
elongate it is rather difficult to use this characteristic, the more so because 
both shape and size of the cells is often liable to considerable variations. 

Nevertheless, in a few cases the shape and size of the cells could be 
used in specific differentiation, as for instance in the differentiation 
between Sacch. carlsbergensis, Sacch. logos and Sacch. uvarum. In less 
pronounced cases it seemed advisable to make only a variety on this 
basis, e.g. Sacch. cerevisiae var. ellipsoideus. 


Malt extract and malt agar have been generally accepted as media 
giving excellent conditions for the growth of yeast cells. A disadvantage 


: 
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of these media is that even if a standard method for the preparation of 
the malt extract could be devised, its composition will vary depending 
on the origin of the malt. 

It has been recommended to standardize the growth conditions by 
using a synthetic medium. This was done amongst others by BEDFORD 
(1942) in his study of the genus Hansenula (cf. p. 255) and more recently 
by WickERHAM (1951). 

With the synthetic medium +) as devised by WIcKERHAM a serious 
effort is made to realize optimal growth conditions. 

Since our investigation was started at a time when the commercial 
_preparation was not yet available, we have for reasons of simplicity stuck 
to the use of malt media. We have never observed that the inevitable 
slight variations in the composition of such a rich medium as malt extract 
did in any way influence the size or shape of the cells. Preliminary 
tests tend to show that these characteristics were neither influenced by 
substitution of the malt medium by WICKERHAM’s synthetic agar. 

For any medium the age and vigor of the inoculum is important. 

In studying cell morphology in liquid media it should be realized that 
the growth conditions at various locations may differ considerably as a 
consequence of differences in oxygen tension; depending on the oxygen 
want of the species optimal conditions will only be realized at certain 
spots. For the description only vigorous cells should be taken into 
consideration. 


Method 


The yeast from a young malt agar culture is inoculated into 30 ce unhopped 
malt extract in 100 ce Erlenmeyer flasks. After 2 or 3 days’ incubation at 25° C. 
the cultures are studied. Length and width of the cells are measured. The extremes 
of the values obtained from at least 20 cells are given. 

The cells of a 3 days’ old malt agar culture incubated at 25° C. are studied in 
the same way ”). 


Media 


Malt extract (unhopped) ?) can be prepared in the following way: 

1 kg of ground malt mixed with 2,6 1 tap water is warmed under repeated stirring 
on a water-bath at 45° C. for three hours. After this the temperature is raised to 

‘) This medium can nowadays be obtained commercially under the name of 
Bacto-Yeast Morphology Agar from the Difeo Laboratories at Detroit (Mich.), 
U.S.A. 

*) In the genera Candida, Brettanomyces and Trichosporon cells from malt agar 
were not considered for the determination of the shape and the size. ’ 

3) It can sometimes advantageously be obtained from breweries. 
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63° C. and this temperature is maintained for one hour. The mixture is filtered 
through a hair-sieve and the filtrate is sterilized for 15 minutes at 120° C. It is then 
filtered through paper and diluted to a density of 15° Bllg. If necessary the pH is 
adjusted to about 5,4. It is sterilized in the flasks for 15 minutes at 110° C. 


Malt agar contains malt extract of 10° Bllg with 2 % agar. It is sterilized for 
15 minutes at 110° C, 


3. Ascospore formation ¥ 


The property to form ascospores is a most important characteristic, 
because it is decisive for the classification of the yeasts either among the 
ascosporogenous yeasts (Hndomycetaceae) or among the Fungi imperfecti. 

If after isolation of a new strain under no conditions spores could be 
observed the yeast was considered to belong to the latter group. 

The imperfect stage, however, may be the result of a loss of the spore- 
forming faculty. This loss is frequently met with in strains maintained for 
a longer time in stock cultures. 

Of several yeast species of the non-sporogenous group the perfect 
sporogenous state is known. 

Since spore formation in a yeast is highly dependent on the state of the 
culture, the suitability of the medium employed and other circumstances 
it is necessary to make frequent and careful observations. This holds 
especially because the outcome of the observation is of decisive value for 
the primary classification. 

For the formation of ascospores several media have been recommended 
which have proved to be more or less suitable. 

Some media offer particular advantages for sporulation in special genera, 
eg. GoRODKOWA agar and gypsum blocks for Saccharomyces, V 8 agar 
and carrot for Pichia and V 8 agar for Debaryomyces. 

Most of these media have in common that the amount of directly 


assimilable carbohydrates is restricted. If, moreover, ample access of 
oxygen is realized, yeast cells in optimal condition often tend to sporulate’ 


on these media. 
Prarr and Mrax (1948, 1949) made an extensive study on sporulation 
in yeasts. For more complete considerations we may refer to their articles. 
It was always tried to establish whether or not ascus formation was 


directly preceded by conjugation. 


Method 

The following media for obtaining sporulation were used : 
Gypsum blocks 

GoRoDKOWA agar 


— 
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Vegetable juice medium (V 8 agar) 

Carrot plugs 

Potato plugs 

Besides these media which were regularly employed a number of media was 
used in special cases, 7.e.: ' 

peptone gelatin with 1 % glucose, for sporulation in Sacch. uvarum ; 

gypsum blocks in a solution of 1,8 % mannitol and 0,5 % K,HPO, in water; 

sterile water, for several Hndomycopsis species; 

a nitrogen-free medium containing: 1,5 % ethanol or lactose, 0,08 % K,HPO,, 
0,02 % KH,PO,, 0,05 % MgSO,.7aq, 1,5 % agar. This medium with some vari- 
ations and additions was recommended by Starkey (1946) for sporulation in his 
fat forming yeast, now indicated as Lipomyces starkeyi. 

Occasionally spores were observed in media used for other purposes, e.g. malt 
agar, malt extract and potato agar. \y 

On gypsum blocks sterilized in Petri dishes the cells of a young malt extract 
culture are brought. Sterile water is poured into the Petri dish to wet the block. 

The other media are inoculated with fresh malt agar cultures, 

The cultures are incubated at 25° C. In the genus Debaryomyces a temperature 
of 20° C. proved to be better for the formation of the ascospores than 25° C, 
(Mrak and Bonar 1938). The cultures are checked after 3 days, and thereupon 
weekly. This is done for at least 4 weeks. 

A suitable method for spore staining is the SCHAEFFER—FULTON modification of 
the Wirzr method (Manual of methods for pure culture study of bacteria, IV, 13, 
1946). According to this method the spores are stained green with malachite green 
and the rest of the cells red with safranin. 


Media 

Gypsum blocks are prepared from a mixture of equal parts CaSO,.4aq and water. 
They are subjected to dry sterilization for one hour at 160° C. in Petri dishes. 

Goropkowa agar (modified) contains: glucose 0,1 %, peptone 1 %, NaCl 0,5 %, 
agar 3 %. 

The vegetable juice medium is prepared according to a prescription of WicKERHAM, 
FLICKINGER and Burton (1946). It contains a mixed juice from eight vegetables 1), 
baker’s yeast 20 % and agar 2 %. The pH of the juice is adjusted to 6,8. It is steamed 
for 10 minutes with 40 g baker’s yeast per 100 cc. The mixture is filtered and the 
pH readjusted to 6,8. In an equal amount of water 4% agar is dissolved; this is 
added to the vegetable-yeast solution and sterilized for 15 minutes at 110° C. 


4. Ballistospore formation 


The formation of mirror images characteristic for some yeast genera 
is caused by the discharging of the ballistospores by a drop-excretion 
mechanism. 


. ; mre 
) The vegetable juice used by us was a blend named V 8, prepared by Standard 
Brands at Terre Haute, Ind., U.S.A. er 
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The occurrence of ballistospores is decisive for placing the yeasts in the 
Sporobolomycetaceae and is, therefore, an important characteristic. 


The older investigators obtained the images in the lids of inverted 
Petri dishes. 

DeERxX (1930) isolated new strains of these yeasts from leaves by sticking 
the leaf on the lid of the dish. The discharged spores fell on the agar 
surface underneath and germinated. 

Our inverted slide method which will be described below has the 
advantage that on the inoculation streaks the formation of sterigmata 
may be conveniently observed under the microscope. Also on the bottom 
slide the discharged spores, even if they are rare, can be easily examined. 


Method 


The formation of mirror images can simply be examined on malt agar plates. 
They are inoculated and incubated with the lid down. Mirror images may be found 
on the lid of the dish. 

The mirror image formation can also be tested in slide cultures. For this purpose 
only one of the slides, as described under § 2, 1, is covered with malt- or potato 
agar. It is inoculated and placed with the surface down over the second slide with 
a thin U-shaped glass-rod between. 

After incubation both slides can be easily observed under the microscope. The 
lower of the two may show the mirror images of the inoculation lines. 


5. Shape of the ascospores and of the ballistospores 


We have attached to the shape of the ascospores a variable taxonomic 

value. 
In one case the shape of the ascospores yields a difference between 
subfamilies, i.e. in the Endomycetaceae, the family including all asco- 
sporogenous yeasts, one subfamily, the NV ematosporoideae, is characterized 
by fusiform or needle-shaped spores. In the other four subfamilies the 
spores are round, oval, reniform or Saturn- or hat-shaped. 

In most cases the shape of the spores is no suitable characteristic for 
generic differentiation, though in some genera a typical shape may prevail. 
The Saturn- or hat-shape, caused by the presence of a ledge round the 
spores, frequently occurs in the genera Endomycopsis, Pichia, Hansenula, 
Schwanniomyces and Hanseniaspora. In the spores of these genera and 
besides in those of the genera Debaryomyces and Nadsonia an oildrop is 
mostly present. 

Not all species within one genus have the same shape of the spores. 
In some cases a species is characterized by a certain shape, e.g. Sacch. 
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fragilis and Sacch. marxianus with reniform spores, Hansenula saturnus 
with Saturn-shaped spores. ~~ . 

Differences also may occur between strains of the same species. Even 
in one strain the spores may be different, perhaps also dependent on their 
age, e.g. in Hanseniaspora valbyensis they are reported to be round or 
angular first, later hat-shaped. 

In some genera the wall of the spores has special properties. It is light 
brown in Nadsonia and Lipomyces. 

In Schizosaccharomyces it is colored blue with iodine solution. 

The occurrence of a warty wall is obvious in the species Endomycopsis 
_javanensis and in the genera Schwanniomyces and Nadsonia. In Debaryo- 
myces the presence of warts is often dubious or there are no warts. This 
is the reason why this property has been discarded for generic differenti- 
ation (cf. p. 58). 

We may again refer to PHarr and Mraxk (1948, 1949) for a more 
detailed survey. 


The spores in the genera Sporobolomyces and Bullera, the so-called 
ballistospores, have a different shape in the two genera. In Sporobolomyces 
they are asymmetrical and kidney-shaped, in Bullera they are symmetrical 
and oval. 


To the number of spores only restricted value is attached. In a few 
cases it amounts to 8, 7.e. in Schizosaccharomyces octosporus, Schiz. versatilis 
and Nematospora coryli. In the genus Lipomyces 16 or perhaps more spores 
may be found. The number of spores mostly varies from 1—4. LINDEGREN 
and LINDEGREN (1944) found that it might depend on the sporulation 
medium used. 

Not much value has been attached to the size of the spores since this 
property is rather variable. 


Method 


The shape of the ascospores is observed in the different sporulation media, of the 
ballistospores in the mirror images. 


Besides the shape of the spores, the occurrence of a ledge, of a warty wall, the 
eclor of the spores and the presence of an oildrop are noted. 


6. Macromorphological characteristics of the cultures 


The appearance of the streak culture on malt agar or the shape of the 
colonies on malt agar or malt gelatin have been described by most authors. 
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In contrast to many earlier investigators we attach little value to this 
character for differentiating purposes. 

DippEns and LoppErR (1942) stated that in view of the rough and 
smooth variation which often occurs, the property has limited value for 
taxonomy. 

A study by Mackinnon and ARTAGAVEYTIA—ALLENDE (1944) and by 
MACKINNON (1946) on rough, smooth and mucous culture forms in 
Rhodotorula revealed that the appearance of the malt agar streak, owing 
to its variability, has no value for separating species. Also the shade of 
color in the red yeasts is highly dependent on external factors. These 
views are amply confirmed by our observations. 

Summarizing it should be stated that we used the appearance of the 
streak culture only in a few cases as a secondary property to characterize 
a species. 


Giant colonies on malt gelatin are widely used by WurNGE and 
collaborators (cf. Winer and LavstsEN 1937) as a suitable macro- 
morphological characteristic to examine and compare the strains obtained 
from single-spore isolations. In a few cases we also had recourse to this 
characteristic. 


Method 


The streak culture on malt agar after one month at 17° C. is described. 

In the case of Brettanomyces species the strong production of acid causes an 
early death of the cells; it is recommendable to observe the streak culture on malt 
agar after 8 days’ and after 6 weeks’ cultivation at 15° C. Moreover, streak cultures 
on malt agar with 2 % calcium carbonate should be made and observed after 
6 weeks’ cultivation. 

In the case of Pityrosporum a small quantity of oleic acid or some other fatty 
material should be added to the malt agar in order to obtain better growth 
(BENHAM 1939, 1941, 1945, 1947). 

If giant colonies are to be made the yeast is inoculated on malt gelatin in Petri 
dishes or Lindner flasks and observed after 4 to 8 weeks’ incubation at 21° C. 


Media 


For the preparation of malt agar cf. p. 15. 
Malt gelatin is prepared from malt extract of 10° Bllg with 14 % gelatin. It is 
sterilized for 15 minutes at 110° C. 


§3. PHYSIOLOGICAL PROPERTIES 


1. Pellicle formation 


The property of forming a pellicle on a liquid medium occurs In 
numerous genera and has been frequently used in yeast systematics. 
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It may be stressed that the composition of the medium is of great 
influence. Also the shape of the vessel, the age and the amount of the 
inoculum may be factors of importance. 

According to the way of formation and the final appearance various 
types of pellicles can be. distinguished. 

With many yeasts the formation of the pellicle starts almost immedi- 
ately after inoculation. Often after one to three days the whole surface of 
the medium is already covered with a pellicle which then usually is dry, 
dull and wrinkled. However, the formation may also proceed slower, so 
that only after a week the pellicle is fully developed which then is thin, 
‘and sometimes may break and sink to the bottom of the vessel. 

These pellicles correspond to the description which the German authors 
give to their “Kahmhaut”’. 

In contrast hereto is the type of pellicle which only develops after a 
longer period, usually when the fermentation phase is over. These delayed 
pellicles use to grow out from a ring formed at the wall of the vessel, or 
from loose floating islets. In this case the pellicle is as a rule not dry and 
wrinkled, but smooth and shiny. 

Finally yeasts forming true mycelium often develop a thick tough 
skin. After a longer time of cultivation the whole contents of the flask 
may be filled with a slimy mass. 

The difference between the “Kahmhaut”’ and the smooth and shiny 
pellicle was already recognized by HANSEN (1888, 1904). The first type 
was used by him to separate the genera Willia and Pichia from the genus 
Saccharomyces. He studied the second type (1886) in Sacch. cerevisiae and 


/ Sacch. pastorianus. 


STELLING—DEKKER (1931) remarked that the formation of a pellicle is 
apparently closely connected to the oxygen want of the yeast. Pellicle 
formation may, however, go with the ability to provoke fermentation and 
a yeast with an entirely oxidative dissimilation need not make a pellicle. 

So besides the type of dissimilation other factors are involved, e.g. 
morphological properties of the cells. 

In the genera Hansenula and Pichia the formation of a ‘“Kahmhaut”’ 
is one of the properties characterizing these genera. In other cases this 
property has been used to characterize species, e.g. Debaryomyces hansenii, 
Debaryomyces nicotianae, Candida mycoderma and Candida krusei: in a 
few cases to distinguish a variety from a species, e.g. Candida guilliermondii 
var. membranaefaciens. 


To the delayed pellicle formation no taxonomic value has been 
attached. 
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Pellicle formation is observed in malt extract (§ 2, 2) after 3 days at 25° C. and 
finally after one month at 17° C. 
Also the formation of a sediment and a ring is noted. 


2. Fermentation 


As will be discussed in chapter III the property to ferment the various 
sugars is fairly stable and, therefore, very useful in taxonomy. 

The presence or absence of fermentative ability has been used in some 
cases as one of the properties to distinguish genera, e.g. fermentation in 
Saccharomyces and Hansenula, no fermentation or weak fermentation in 
Debaryomyces and Pichia. 

The ability to ferment different sugars has been one of our main 
characters for species differentiation. 


STELLING—DEKKER (1931), LoppER (1934) and DippENs and LoppDER 
(1942) all have used Einhorn tubes in the fermentation tests. These 
authors pointed out that this way of determining fermentation is far from 
yielding absolute results. No fermentation may be detectable in these 
tubes, while for instance measurements with the aid of a Warburg 
apparatus will at once show carbon dioxide production under anaerobic 
conditions. 

DippEnNs and LoppER (1942) observed no differences in results between 
Einhorn tubes and Durham tubes. BournimertT, Nei~son, Mraxk and 
PuarrF (1949) found, however, that the Durham tubes were more sensitive. 
We can subscribe to this opinion in so far as in some cases in which the 
fermentation is very weak or particularly slow we too occasionally found 
a positive result in a Durham tube when the Einhorn tube yielded a 
negative outcome. In our routine fermentation tests we have, however, 
always used Einhorn tubes, and, therefore, it should be stressed that the 
results mentioned in the standard descriptions are those obtained with 
this method. In view of the restricted sensitivity of the method we did 
not attach much value to a differentiation in no fermentation and very 
weak fermentation. P 

Bouruiter et al. also gave special attention to the possible influence 
of trehalose which may be present, dn the yeast extract used as a basal 
medium for the fermentation tests. If the yeast studied is able to ferment 
trehalose this may lead to confusing results. They found that the 
fermentation of trehalose present in yeast extract could in certain cases 
be observed in Durham tubes, not in Einhorn tubes. To avoid erroneous 
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results of the fermentation test in Durham tubes they recommended the 
use of a basal medium of diluted yeast autolysate, in the preparation of 
which trehalose which initially might have been present in the yeast 
disappears. 

Like Bourniet et al. we have found that in the Einhorn tests a possible 
fermentation of trehalose never interfered with the results obtained for 
the other sugars. Since until now there are only two yeast species known 
which are able to ferment all the sugars used in our standard test, with 
all other yeasts the tubes with the non-fermentable sugars act as a blank 
test with regard to trehalose possibly present in the yeast extract. If 
trehalose should have been present in our yeast extract in a somewhat 
considerable quantity, those yeasts which are able to ferment this 
sugar should have shown positive results for all the sugars tested. This, 
however, with the exception of the two species referred to above never 
occurred. 

The various strains were tested in Einhorn tubes on their ability to 
ferment the following sugars: glucose, galactose, saccharose, maltose, 
lactose and occasionally inulin. In contrast to what has been done in the 
studies underlying the three preceding yeast-monographs we have omitted 
tests with fructose and mannose. During many years experience has 
taught us that the rule, first formulated by KLtuyvnr, according to which 
a yeast able to ferment glucose can also ferment fructose and mannose, 
holds good without a single exception. 

The fermentation of raffinose was quantitatively determined in Van 
Iterson—Kluyver fermentometers (KLUYVER 1914) in ali cases in which 
the yeast was able to ferment saccharose. Fermentation of raffinose for 
1/3 only means the fermentation of the fructose part of the molecule, the 
melibiose part being not attacked. If a yeast also contains melibiase in 
addition usually both the glucose and the galactose part are fermented. 
In some rare cases the galactose part remains unfermented; we have 
indicated this as fermentation of raffinose for 2/3. 

WICKERHAM (1943) used a different method to study the fermentation 
of raffinose. The yeast is grown in a 4 % raffinose solution in Durham 
tubes. As soon as the amount of carbon dioxide in the insert tube decreases 
the medium is inoculated with Sacch. carlsbergensis. If the first yeast has 
completely fermented the raffinose there will, of course, be no additional 
gas production; if, however, the fermentation has left the melibiose 
untouched more gas will be evolved. 

This method was improved by SkrnNER and BovrutLer (1947) as 
follows. A raffinose solution was fermented by a strain of Sacch. cerevisiae 


a 
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var. ellipsoideus, the remaining solution of melibiose being used in the 
fermentation test. 


Method 


The fermentation of 2 % sugar solutions in yeast extract is tested in Einhorn 
tubes. The sugars are: glucose, galactose, saccharose, maltose, lactose and occasion- 
ally inulin. 

The Einhorn tubes are incubated at 25° C. and observed every day. If there is 
no gas production the yeast cells of the sediment are evenly distributed through 
the tubes by suitable mixing. The final reading is made after 10 days. In cases of 
vigorous fermentation a positive result is evident after 2 or 3 days. 

A 4% raffinose solution in yeast extract is used for a quantitative test of the 
fermentation of raffinose in the Van Iterson—Kluyver apparatus. 

The time of this experiment is also extended to 10 days at 25° C. In most cases, 
however, the fermentation is finished after 3 days, and it is checked whether the 
amount of carbon dioxide formed corresponds either to 1/3, 2/3 or complete 
fermentation of the raffinose. 

If the results were doubtful the direct fermentation of melibiose was tested in 
a 4% solution in the Van Iterson—Kluyver fermentometer. 


Media 


Yeast extract is prepared in the following way: 

200 g of baker’s yeast is mixed with 11 tap water and some egg albumin, and 
autoclaved for 15 minutes at 120° C. The mixture is filtered while hot through a 
folded thick paper (if necessary twice). 

Two percent solutions in yeast extract of the sugars to be tested are made: the 
Einhorn tubes are filled with these solutions and sterilized for 15 minutes at 120° C. 


3. Sugar assimilation 


The property of the assimilation of the various sugars has been used 
to differentiate species. This characteristic is closely related to the 
fermentation of the sugars; all fermentable sugars are also assimilated. 
The reverse of this does not always hold true. A sugar may be oxidatively 
assimilated, but not fermented (cf. KLuyverR and CusTers 1939—’40). 

Considerable taxonomic value has been attached to the results of the as- 
similation tests, especially in cases in which fermentation was weak or absent. 

WicKERHAM and Burton (1948) and WicKERHAM (1951) used a wider 
scale of carbon compounds which opens the possibility of a further 
differentiation. ; 

The auxanographic test for sugar assimilation in its application on 
yeast taxonomy has been first used by LODDER (1934) in the non- 
fermenting strains of the asporogenous yeasts, later by DIppENS and 
Lopper (1942) in the genera Candida, Brettanomyces and Trichosporon. 
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We applied the same method; either yeast water or the usual B vitamins 
were added. 

In several species, especially with certain sugars, the results obtained 
were not always very clear. Also slow growing yeasts often gave difficulties. 
For these strains the method of WIcKERHAM and Burton (1948) in which 
a liquid medium is used was applied. 

The medium indicated by these authors, with the omission of some 
inessential compounds will be given below. 

For sugars like galactose this method has great advantages in those 
cases in which the yeast has to pass a long period of adaptation. For a 
‘routine test the auxanographic method is more convenient and as a 
rule satisfactory. 

In some cases we submitted the strain studied to a preliminary adaptation 
to galactose or lactose. The yeast was grown in a liquid medium con- 
taining 2 °% galactose or lactose and 0,1 °%% glucose in yeast extract. After 
2 days’ cultivation at 25° C. the yeast was transferred to a medium of 
the same composition but for the absence of glucose. After a few days’ 
cultivation in this medium the yeast was collected by centrifugation and 
washed; hereafter the assimilation was tested again. 


Methods 
a. Auxanographic method 

A synthetic basal agar medium not containing a source of carbon is used. This 
medium is melted, cooled to + 40° C. and poured into a Petri dish into which has 
been brought shortly before + 2 ce of a heavy yeast suspension and a drop of 
yeast water or vitamin solution. The liquids are mixed thoroughly. After solidification 
the dish is kept for a few hours at 25° C. with the lid upwards to obtain a dry agar 
‘surface. Small amounts of the sugars to be tested, viz. glucose, galactose, saccharose, 
maltose and lactose are deposited on different spots of the agar. Then the Petri 
dish is placed lid downwards in the incubator at 25° C. The results should be observed 
after 1 or 2 days. 


b. Liquid medium test 


Tubes filled with 5 ce of a synthetic mineral medium containing each one of the 
five sugars tested (glucose, galactose, saccharose, maltose and lactose) are in- 
oculated with one drop of yeast suspension, A similarly inoculated blank tube con- 
taining the medium without sugars serves for comparison. 

The tubes are incubated at 25° C. and observed after 1, 2 and 3 weeks. If there 
is an undeniable difference in growth between a tube and the blank the result is 
considered positive, 


Media 


The basal agar medium for the C-auxanographie test is composed of: 
(NH,),S0, 0,5 %, KH,PO, 0,1 %, MgSO,.7 aq 0,05 %. These compounds are 
dissolved in a solution containing 2 % washed agar. 
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This washed agar is prepared by soaking 20 g minced agar in 1 | destilled water 
for 8 days at room temperature. After this the agar is washed and rinsed several 
times with fresh destilled water. Finally destilled water is added to make up 1k 

The final solution is sterilized for 15 minutes at 110° C. : 


The liquid medium !) for the test mentioned under b. contains: 


CE yg eee ss, ss de 0,8 of 
Eee. ss. 1 FREON % 
MeCO RTA Gees is) » « a + 0,05 5 
CAtNe 200 aw. wee... 2 t, OOL % 
Paes ls eo ADT % 
Ge = (pte gta ieee. tee TOPS OF 
vitamins 


A ten-fold concentrated solution of sugar and minerals in destilled water is Seitz 
filtered. 0,5 ce of this solution is added under aseptic conditions to 4,5 ce sterile 
water in tubes. 0,05 ce of a hundred-fold concentrated vitamin solution is added. 


The concentrated vitamin solution contains: 


ne ees ae 2 ug 
Calcium pantothenate. ...... 400 ,, 
indsitol) : . <5. Fae... 2600 |, 
Nidein:.” .. .% 5 See ee 400%. 
P-aminobenzoic acid. ....... 200%. 55 
Pyridoxine hydrochloride ..... 400 ,, 
Thiamine hydrochloride ...... 400 ,, 
TEEN: 2 15 Ec ec eg. 200 ,, . 
eOCOr ee ial eee ho 8 Ih a 4 +s 10 ce 


4. Assimilation of nitrate 


The property of the nitrate assimilation is very useful in taxonomy and, 
as follows from our own experiments and those of others, quite stable. 
Many genera are characterized by the inability to assimilate nitrate, e.g. 
Saccharomyces, Pichia, Hanseniaspora, Debaryomyces etc. For one genus, 
Hansenula, the ability to assimilate nitrate is a decisive property. 

In other cases, especially in most of the genera of the asporogenous 
yeasts, in the genus Sporobolomyces, and among the ascosporogenous 
yeasts in the genus Hndomycopsis the mutual agreement in other properties 
have obliged us to accept both nitrate positive and nitrate negative 
organisms within one genus. However, presence or absence of this property 
was always accepted by us’ to be a sufficient ground for a separation in 


species. 


1) This medium can nowadays be obtained commercially under the name of 
Yeast-Nitrogen-Base from the Difco Laboratories at Detroit (Mich.), U.S.A. 
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STELLING-DEKKER (1931) tested the assimilation of potassium nitrate 
in the sporogenous yeasts on a synthetic agar medium containing nitrate 
as sole source of nitrogen. 

LoppER (1934) and DrppEens and LoppeER (1942) used the auxano- 
graphic method to establish the assimilation of nitrate, ammonium sulfate, 
asparagine and urea in the anascosporogenous yeasts. Peptone served for » 
comparison. 

WICKERHAM (1946), who employed his liquid medium test, came to the 
conclusion that all the strains tested by him could utilize ammonium 
sulfate, asparagine and urea if an adequate supply of vitamins was added. 
‘We found that the same holds true for the results obtained with the 
auxanographic method. That is why nitrate was the only nitrogen source 
tested. 

Generally the auxanographic method proved to be quite satisfactory. 
In a few doubtful cases the liquid medium test was used for comparison. 

NICKERSON (1944) suggested to use nitrite formation as an indication 
for nitrate assimilation. He inoculated a liquid culture medium containing 
6 % nitrate and tested for the presence of the nitrite with the aid of 
sulfanilic acid and a naphthylamine. We have, however, obtained clear 
evidence for the fact that there is no parallelism between the outcome of 
the nitrite test and the ability of the yeast to assimilate nitrate. 


Method 


The auxanographie method as described under § 3,3 is used for this test. In this 
case the basic agar medium does not contain a source of nitrogen; glucose serves as 
a source of carbon. Besides potassium nitrate, peptone is brought on the agar surface 
for comparative purposes. 

The Petri dishes are incubated at 25° C.; the results can be read after 1 or 2 days. 

In a few cases the liquid medium test is used, cf. § 3,3. Also here glucose is the 
source of carbon. Growth in the medium with potassium nitrate is compared to that 
with ammonium sulfate as source of nitrogen. 


Medium 


The basic agar medium for the N-auxanographic test is composed of: glucose 2 %, 
KH,PO, 0,1 %, MgSO,.7aq 0,05 % and washed agar 2 %,. It is sterilized for 
15 minutes at 110° C. 


The liquid medium !) is the same as given under § § 3,5, except that as source of 
0/ 

carbon 1% glucose is used and as nitrogen source 0,078 % KNO, or 0,1 & 

’ ° 


(NH,),SO,. 


1 > 
) Also this medium can be obtained from the Difco Labor: atories. It is named 
Yeast-Carbon-Base. 
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5. Ethanol as sole source of carbon 


This property has not been used in the differentiation of species; it has 
only secondary value in classification. 

A few species are characterized by the ability or inability to use ethanol 
as sole source of carbon. In many cases, however, we have thought it 
advisable to collect both positive and negative strains in one species. 


Growth in a synthetic medium with 3 % ethanol as sole source of 
carbon was. tested after the method indicated by SreLttinc—DEKKER 
(1931) with some slight alterations. Tests are made in tubes containing 
5 ee of medium. Ethanol is added after sterilization, vitamins are added. 

The medium used by WickERHAM and Burton (1948) may serve as 
well. Following these authors in a few cases observations were extended 
over a longer period, i.e. 3 weeks instead of 1 week. 

Growth as well as the formation of a pellicle are noted. 


Method 

Ethanol to a concentration of 3% is added to a basic medium not containing 
any other source of carbon. A blank tube without ethanol serves for comparison. 

Tubes filled with 5 ec medium are inoculated with one drop of a yeast suspension 
and incubated at 25° C. 

The results are read after 1 week; occasionally the test is prolonged to 3 weeks. 
Medium 

The basic medium contains: (NH,),SO, 0,1 %, KH,PO, 0,1 %, MgSO,.7aq 
0,05 % in destilled water. 

It is sterilized in tubes for 15 minutes at 120° C. The 3 % ethanol and a drop of 
sterile yeast extract or of a mixture of vitamins (cf. § 3,3) are added after sterilizing. 


6. Splitting of arbutin 


The property of splitting esculin or arbutin is commonly used as one 
of the characteristics to distinguish the genus Hansenula (arbutin positive) 
from the genus Pichia (arbutin negative). We found this property positive 
in Hansenula and negative in most species of Pichia. In some other genera 
the property is always negative, ¢.g. in Hanseniaspora and Kloeckera. 

In most genera some species are found which have the property to 
split arbutin, e.g. Candida guilliermondii, Sacch. lactis, while in other 
species this property is variable. 

In the genus Brettanomyces this property was not studied. 


SrELLINGc-DEKKER (1931) examined the splitting of esculin, DIpDENS 
and Lopper (1942) of arbutin. Both glucosides give aglucons which turn 


brown with ferric ions. 


% 
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Method 

A medium containing 0,5 % arbutin in yeast agar is melted and poured into a 
Petri dish into which a drop of FeCl, solution has been previously brought. The 
liquids are thoroughly mixed. After solidification the plate is inoculated and incubated 


at 25° C. 
A positive result, a dark brown colored zone around the colonies in the medium, 


may be observed after 2, 4 or 6 days. 


Medium 
The medium consists of 5 g arbutin, 20 g agar in 1 1 yeast extract. It is sterilized 
for 15 minutes at 120° C. 


\ 7. Production of carotenoid pigments 


The presence of carotenoid pigments is used to differentiate the genus 
Rhodotorula from the genera Cryptococcus and Torulopsis. 

Between Sporobolomyces and Bullera a similar difference exists although 
here this difference is not decisive. Some Sporobolomyces species are only 
very slightly colored. In these cases it was deemed advisable to let the 
shape of the spores prevail in the generic differentiation. 

The way of concluding to the presence of carotenoid pigments merely 
by visual observation is certainly rather unsatisfactory although the red 
color is in most cases very evident. Yet we fell back on it after having 
found that various recommended methods did not in all cases give clear 
results. This may well be due to the fact that also unpigmented yeasts may 
contain carotenoids in small concentrations, and even the possibility of 
colorless carotenoids cannot be excluded. 

LoDDER (1934) used Moniscn’s method (1921). It is founded on the 
removal of the fatty substances from the cells by saponification with an 
alcoholic potassium hydroxide solution. In this way the pigments are set 
free and the carotenoids may crystallize. The isolated crystals give a blue 
color with concentrated sulfuric acid. 

Mrak, Puarr and Mackinney (1949) had negative results with this 
method. They sought for another way to extract the pigment from the 
cells and found it in a hydrochloric acid hydrolysis of the mass by gentle 
heating. After addition of acetone the pigment was extracted from this 
liquid with benzene or petroleum ether. The presence of carotenoids in 
these solvents was confirmed by the reaction with concentrated sulfuric 
acid. 

Since our results with Moriscu’s method were neither very satisfactory 
we also applied Mraxk et al. ’s prescription. As already mentioned by these 
authors the confirmation of the presence of the carotenoids in the final 
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extract with the aid of concentrated sulfuric acid offered difficulties. We 
never succeeded in obtaining a blue color, but always got brown dis- 
colorations. We tried to find another method for establishing the carotenoid 
nature of eventually present pigments. In this connection we decided to 
try the reaction of Carr and Prick (1926), the well-known test on 
vitamin A with antimony trichloride in chloroform. Most carotenoids also 
give this blue coloration (EULER und KarreErR 1932). 

Following Fromacerotr and TcHane (1938) we prepared the solution 
of pigments by grinding the cells with diatomaceous earth and acetone, 
and drying. The dry mass was extracted with benzene, the solution was 
dried with anhydrous sodium sulfate and evaporated. On the residue the 
color reaction was performed. 

Several strains were tested in this way. It appeared that a bluish-red 
to purple color resulted not only in distinctly red strains like Rhodotorula 
mucilaginosa, but also faintly colored cultures and even white or cream- 
colored yeasts like Candida albicans and Saccharomyces cerevisiae gave 
the same results. In the last cases the benzene solution was slightly 
colored or colorless. The Carr-Price reaction is, therefore, either too 
sensitive or is also caused by colorless carotenoids, and, therefore, 
unsuitable for the demonstration of carotenoid pigments. If concentrated 
sulfuric acid was used instead of antimony trichloride we always obtained 
a dirty brown coloration. 

The experiments of Fromaczor and TcHANG (1938) on the pigments 
of Rhodotorula sanniei have proved that in this yeast a carotenoid of acid 
nature prevails. We also demonstrated acid pigments in several strains 
by shaking the benzene solution with aqueous potassium hydroxide. Part 
of the pigments were transferred to the water phase which turned cerise. 
The remaining benzene solution was mostly yellow to orange. 

Not all obviously red strains gave the same picture; occasionally the 
alkaline solution was not colored. Apparently the composition of the 
pigments may vary from strain to strain. 


Summarizing the results of our examinations we found no practicable 
way to prove the carotenoid nature of the pigments by a simple test and 
we have been obliged to rely merely on the result of a visual observation. 


It should be pointed out, however, that besides carotenoid pigments 
other pink to reddish pigments may be elaborated by yeasts. The nature 
of these pigments has not yet been fully established, and it is rather 
certain that compounds with different chemical constitution belong to 


this group. 
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Typical carotenoid pigments have only been encountered in anasco- 
sporogenous yeasts with a strictly oxidative dissimilation. The pigments 
in question have generally been found in yeasts which bring about 
alcoholic fermentation and amongst these both ascosporogenous and 
anascosporogenous species occur. 

The production of these pigments is apparently dependent on special 
cultural conditions. 

As early as 1918 BrtyERINCK studied the formation of a red pigment 
in Saccharomyces pulcherrimus (Candida pulcherrima) and from his 
observations concluded that this formation was strictly bound to the 
_ presence of iron. Furthermore he pointed out that various other yeasts 
which he designated as “‘levures du lactose’’—since they all were capable 
of fermenting lactose—were able to produce the same pigment. 

Later the pigment formation in the above mentioned yeasts was studied 
by many others. Recently vAN DER WALT (1952) has proved by spectral 
analysis that the pigment under certain conditions elaborated by 
Saccharomyces lactis is indeed identical with that of Candida pulcherrima. 
Moreover VAN DER WALT has definitely shown that the pigment of the 
latter contains a high percentage of iron in its molecule. According to 
this investigator it is extremely likely that the red pigmentation which 
Curts and RatnsBow (1950) were able to demonstrate for very divergent 
yeast types, by growing these on a biotine-deficient medium to which 
methionine has been added, will be due to the production of the same 
compound. 

LINDEGREN and LINDEGREN (1947) described the formation of a reddish 
pigment by mutants which were obtained by treatment of haplophase 
segregants of Saccharomyces cerevisiae with mustard gas (cf. REAUME 
and Tatum 1949). These mutants were shown to be adenine-dependent 
and produced beautiful pink colonies. Such mutants were obtained by 
Wrince and Roserts (1950) with the aid of Réntgen rays. EpHRussI and 
LEDERER (1948) made an attempt to isolate the pigment of such an 
adenine-deficient mutant. The analysis of their most purified preparation 
leaves no doubt that it is neither identical with the iron containing 
pigment of Candida pulcherrima (VAN DER Wa tT, 1952), nor with the 
carotenoid pigments of the oxidative red yeasts. 

It should be emphasized that in all cases confusion between the 
carotenoid pigments and the other pink to red pigments discussed can 
easily be avoided owing to the solubility of the first mentioned pigments 
in organic solvents (such as chloroform. petroleum ether ete.) and the 
insolubility in these solvents of all the other pigments. 


*s 
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8. Production of starch-like compounds 


Although the significance of ‘‘starch’”’ production for taxonomy cannot 
yet be fully evaluated we have used it as one of the characteristics defining 
the genus Cryptococcus. 


ASCHNER, MaGer and Lersowirz (1945, Mager and AScHNER 1947) 
studied the production of extracellular “‘starch’’ by capsulated yeasts. 
They found that under suitable conditions several yeast strains form 
during their growth starch-like compounds, giving a blue color with 
iodine solution. One of these conditions is a pH value of the medium 
below 5. If in an initially less acid medium ammonium sulfate is used as 
sole source of nitrogen the disappearance of the ammonium also leads 
to such a low pH. 

ASCHNER et al. found that in the strain of Torulopsis rotundata used 
by them, “starch” was not only found in the capsule but also in the 
medium. In a non-capsular mutant “starch”? was produced in the cell 
wall, not in the medium. 

“Starch”? production could be observed by us in all yeasts brought 
together in the genus Cryptococcus, in those belonging to the genus Bullera, 
in the genus Rhodotorula only in one strain of Rhodotorula glutinis, in 
Candida humicola, in Candida curvata and in two strains of T'richosporon 
cutaneum isolated by ASCHNER from oranges in Jerusalem. Other strains 
of the genus T'richosporon were not tested. 


Method 


A synthetic medium is used. To every plate a drop of yeast extract or a mixture 
of vitamins (cf. § 3,3) is added. The plate is inoculated and incubated at 25° C. 
After 1 to 2 weeks the presence of starch-like compounds may be demonstrated by 
pouring Lucot’s iodine solution on the agar surface, 


Medium 


The synthetic medium consists of: (NH,),8O, 0,1 %, KH,PO, 0,1 %, MgSO, .7aq 
0,05 %, glucose 1% and agar 2,5 %. The pH is adjusted with dilute hydrochloric 
acid to + 4,5. The medium is sterilized for 15 minutes at 110° C. 


9. Production of ester (ethyl acetate) 


We did not attach any taxonomic value to this property. The ability 
to form esters—mainly ethyl acetate—is present amongst others in the 
genus Hansenula and in strains of the species Pichia fermentans and 


Candida kruset. 
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For the production of ester we used a medium recommended by WEBER 
(1922) in his study on the ester producing yeasts. The ester production 
was also studied by Fasran and WIcKERHAM (1937) in Hansenula anomala 
and by Breprorp (1942) in his study on the genus Hansenula. 


Method 


The yeast is inoculated in 50 cc Erlenmeyer flasks containing 20 cc of a5% 
glucose solution in yeast extract. After incubating for 3 —5 days at 25° C. the ester 
aroma of the culture is judged by smell. 


Medium 
The glucose solution in yeast extract (cf. § 3,2) is sterilized for 15 minutes at 
120° C. 


10. Reaction in litmus milk 


We studied this property in the genus Candida. Our conclusion is that 
only in rare cases the changes occurring in the milk medium are 
sufficiently characteristic to be used in species differentiation. In contrast 
to what holds for coagulation, peptonization proved to be a constant 
property of certain species, such as Candida lipolytica. 


DippEns and LoppeEr (1942) studied the change in litmus milk caused 
by the strains of the genera Candida and Trichosporon, since in nearly 
all medical publications dealing with these organisms this property was 
mentioned. 

Change of the color, coagulation and peptonization of the milk can be 
observed. 

DippEns and LoppeEr pointed out that the coagulation of the milk 
may be due either to a rennet action, or, in the case of the lactose 
attacking yeasts, possibly to the combined action of acid and ethanol 
formed in the fermentation. From our experiments with Candida pseudo- 
tropicalis and its variety lactosa it appeared, however, that the formation 
of acid and ethanol by these yeasts was not sufficient to cause coagulation 
of the milk. The pH of this medium dropped to ++ 5,5, whereas coagulation 
of the milk normally only occurs if a pH of + 4,8 is attained. Accordingly 
also in the case of Candida pseudotropicalis the coagulation must be due 
to the rennet action. 

STOVALL and Busotz (1932) recommended the addition of calcium 
lactate to the medium in order to provide for ample calcium ions necessary 
for the precipitation of paracasein formed by the rennet action. Since on 
the other hand the buffer action of the lactate may influence the pH and 
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thus the color change of the litmus, we always also made a test in a medium 
without calcium lactate. 


Method 


Tubes containing sterile litmus milk with and without calcium lactate are 
inoculated and incubated at 25° C. After 2 or 4 weeks the results are observed. 


Medium 


Litmus milk is prepared by steaming 10 ce fresh skimmed milk in tubes for 
30 minutes at 100° C. during 3 consecutive days. After sterilizing, 1 ce of sterile 
1 % litmus solution and, if required, 1 cc of a sterile 5 % calcium lactate solution 
are added. 


ll. Fat splitting 


The method used for the detection of fat splitting was that of E1skMAN 
(1901) performed in the way indicated below. 

We applied the test only in a few cases for confirmation, viz. in Candida 
lipolytica and in Trichosporon pullulans. 


Method 


Beef suet is melted out, filtered and sterilized. 0,5 cc of this fat is poured into a 
warm sterile Petri dish (e.g. on a water-bath) so that there is a very thin even layer 
on the bottom. The surplus fat is at once pipetted off. The dish is placed in a 
refrigerator for two hours. Hereafter GoropKowa agar containing 0,1 % CaCO,, 
melted and cooled to 40° C., is poured cautiously on the fat. After inoculation and 
incubation at 25° C. a positive result may be visible after a few days: the appearance 
of a chalky region under the inoculation streak due to the formation of the calcium 


salt of the fatty acids. 


12. Production of acid 


The faculty of strong acid production from glucose is one of the chief 
characteristics of the genus Brettanomyces mentioned by CusTERS (1940). 
The author developed a standard method to test this property, founded 
on the dissolution of calcium carbonate in a solid medium. This method 
offers optimal conditions for acid production, whereas the amount of 
calcium carbonate in the medium is such that it facilitates the demon- 
stration of the acid produced. Though in other genera acid production is 
also found, the large amount formed by Brettanomyces is striking. 
Differentiating value is attached only to strong positive results of the 
standard method. 

This property was tested according to CustEers’ method for all strains 
described as Brettanomyces species. For a number of them, Br. italicus, 


3 
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“ 


Br. sphaericus, Br. versatilis, acid production was only slight and this 
was one of the reasons why they could not be maintained in the genus 
Brettanomyces. 


Method 

The yeast is inoculated on yeast agar slants with glucose and calcium carbonate 
added. It is incubated for 10 days at 25° C. After this time the calcium carbonate 
present in the tube should be practically dissolved. 


Medium 


The medium consists of yeast extract agar (20 g agar in 11 yeast extract) with 
5 % glucose and 0,5 % finely divided calcium carbonate. It is tubed, sterilized and 
’ solidified to slants. The calcium carbonate should be evenly distributed in the medium. 
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GHAT TR Re LE 


VARIATION IN YEASTS AND ITS SIGNIFICANCE IN TAXONOMY 


§1. INTRODUCTION 


In studying the taxonomy of yeasts there is one factor which should 
not be neglected, viz. that yeasts are often subject to changes. 

In the first place, as has been discussed in chapter IT, special media and 
special cultural conditions may bring certain properties of a yeast strain 
to the front, whereas on other media these properties do not manifest 
themselves. To give a few examples: ascospores are usually formed on 
special media only, and the same holds good for the development of 
pseudomycelium. In these cases certain properties which under the initial 
conditions may remain concealed, emerge. 

In contrast hereto careful observation often leaves no doubt that in 
yeasts changes have occurred which persist for a shorter or longer period 
independent of the cultural conditions. Analysis of the variations in 
question have led to their differentiation in three types: changes in the 
genotype, cytoplasmic changes and segregations. 


§2. CHANGES IN THE GENOTYPE AND CYTOPLASMIC CHANGES 


The two first mentioned variational types will be discussed together, 
because in many cases it may be difficult to decide with which type one 
is dealing. 

Changes in the genotype are hereditary and usually stable; they are 
often indicated as mutations. One can only decide with certainty that a 
gene mutation has occurred, either by observing a change in chromosome 
structure, or by confirming the mutation by crossing experiments. Since 
chromosomes in yeasts have not yet with certainty been identified, the 
first method cannot be applied. The second method is only practicable 
when the original strain and the mutant strain are both able to form 
spores and this may often not be the case. 

Cytoplasmic changes, i.e. changes in the plasma or in other structural 
elements except the nucleus, are usually considered as non-hereditary and 
as non-stable. 


However, it has since long been known that also in the cytoplasm 
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elements may occur which possess hereditary potentiality, e.g. the plastids 
in the higher plants, and in recent years several investigations have 
demonstrated that cytoplasmic inheritance is not at all as exceptional 
as has been surmised. 

It would carry us too far to give here a general review of the considerable 
number of papers on variation in yeasts. In the systematic part reference 
has been made to some of the more important studies on variation of the 
species in question. Further we refer the reader to the excellent reviews 
of variation phenomena in yeasts given by Henricr (1941, 1947) and 
SKINNER (1947). 

Spontaneous mutations as well as mutations induced by radiation or 
chemical agents often manifest themselves in the morphological charac- 
teristics. It is not at all rare that in strains which are kept in culture for 
some time loss of spore formation occurs. Moreover, there is a tendency 
for the yeasts with round or oval cells and forming smooth colonies to 
produce rough colonies in which the cells are longer and often form a 
pseudomycelium. These S-R variations in yeasts are often compared to 
those which appear in bacteria and they are generally considered to be 
identical phenomena. These changes: loss of spore forming ability, S-R 
variations, are often called degenerations; they usually appear as sectors 
in the colonies. 

SKINNER considered induced variation an acceleration of a process 
which tends to take place spontaneously when the organisms are main- 
tained in culture. 

In addition to these variational types other changes have been reported: 
variation in or total loss of pigment, “‘Jethal’’ variants, spore forming 
variants in initially asporogenous strains, changes in biochemical pro- 
perties etc. 

All these variational types are reported to be reversible in some cases, 
stable in others. Some of them have been relatively stable for some time, 
but eventually they reverted. 

Among the mutations polyploidy takes a special place. BaucH (1941, 
1942 a, b) studying brewer’s yeast stated that through the influence of 
camphor and other similar chemicals he succeeded in obtaining types 
with a markedly enlarged volume. He considered these to be polyploid 
and concluded to the occurrence of tetraploids, hexaploids and octoploids. 
Guaupirz (1942) and HanHn, GLAUBITZ and Fink (1943) studied some 
properties of these polyploids. They showed the same sugar ferinereHoe 
as the parent type and were able to produce ascospores. The giant colonies 


on gelatin had the same appearance as those of the parent type. The 
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growth of the polyploids was slightly slower and in brewery tests they 
showed a somewhat weaker fermentation. Besides polyploids Bauc# also 
found other deviating types. 

THAYSEN and Morris (1943) obtained a camphor mutant of Candida 
utilis with larger cells. In biochemical respects it did not differ from the 
parent type. 

SUBRAMANIAM (1945) stated to have isolated a polyploid mutant from 
a strain of Sacch. cerevisiae which mutant owed its origin to the action 
of acenaphthene. 

LEVAN and SanDWALL (1943) and LEVAN (1944, 1946, 1947) found that 
’ many chemicals produce the same reactions in yeasts as camphor. They 
observed abnormities in the bud formation and mitotic disturbances, and 
reported that the chromosome number may be altered, even doubled. 
The nuclear disturbances were of the same type but less complete than the 
colchicine-mitosis in higher plants. After the end of the treatment the 
cells started to bud normally and the normal course of mitosis was 
restored though the higher number of chromosomes was maintained. 
However, no permanent polyploid yeasts were isolated, but to the authors 
this may be due to the fact that they did little work in this direction. 

SKOVSTED (1948) working with a haploid strain of Sacch. cerevisiae and 
with a beer yeast could not get polyploid types by camphor treatment. 
He got many other morphological mutations several of which were stable. 
These mutations were mainly characterized by dwarf-growth of the giant 
colony. 

Since up to now we are still far from a consensus of opinion regarding 
the structure and number of the chromosomes in yeasts, one should not 
loose sight of the fact that all reports on polyploidy in yeasts are merely 


based on a more or less superficial analogy with phenomena observed in 
higher organisms. 


In the majority of the variations discussed above, it has not been 
possible to establish with certainty whether, indeed, they are due to 
changes in the genotype. It is true that the more or less pronounced 
hereditary character of the changes in question is in favor of this 
assumption. However, as has already been remarked in the beginning of 
this § there is nowadays i increasing evidence that also cytoplasmic changes 
may more or less permanently influence the offspring of the cell. 

In this connection we wish to report briefly on some investigations 
which seem to support this view. Amongst these a series of investigations 
by SonnEBorN (cf. 1950) are of great importance. This investigator 
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discovered in the cytoplasm of Paramaecium particles which he called 
plasmagenes because they are very similar to genes as far as they are 
self-reproducing and mutable. The plasmagenes depend on the nuclear 
genes for their maintenance, but not for their origin or their specificity. 

The occurrence of plasmagenes in yeasts has been made very probable 
by the investigations of EpHrusst et al. (1949). They observed in normal 
strains of Sacch. cerevisiae and to a larger extent in acriflavine treated 
strains a mutation: “‘petite-colonie’’. Crossing experiments showed that 
this mutation was not gene-induced. The mutant differed from the normal 
form in the loss of two enzymes—cytochrome oxidase and succinic 
dehydrogenase—normally involved in the respiration. The authors 
suggested that the loss of these enzymes was connected with the loss of 
particles in the cytoplasm which should be self-reproducing and essential 
for the synthesis of these enzymes. 

Other examples of presumably cytoplasmic alterations are given by 
WINGE and LaustTsEN (1940) and WINGE (1944). 

WINGE and Laustsen found that a yeast culture arisen by direct 
diploidization of one ascospore of a homozygous yeast may form spores 
which are less viable than those formed by a diploid yeast originating 
either from a fusion between two haploid cells or between two ascospores 
of the yeast strain in question. They suppose that the division of the 
chondriosomes in the cell is normally dependent on the nuclear division, 
but can be somewhat delayed. In the case of direct diploidization of the 
spore there would have been no opportunity for the chondriosomes to 
divide, with the result that only half of the normal number of chon- 
driosomes is present in the diploid cell. This, as they assume, would be 
responsible for the reduced viability of the ascospores of the latter. 

Wrvce (1944) further found that the sporal offspring of the one-spored 
Sacch. unisporus deviated distinctly from the parent type. He will not 
reject the possibility that this is a case of genetic segregation, but considers 
it more probable that it is due to cytoplasmic conditions. It may be that 
the ascospores fail to transmit all the qualities of the cytoplasm to the 
offspring. 


Since fermentative properties have proved to be of great importance in 
yeast taxonomy, it seems desirable to give special attention to the results 
of investigations dealing with the variability in fermentative power. 

It then appears that the properties in question are fairly stable and the 
changes reported for them are mostly of quantitative, seldom of qualitative 
nature. LINDEGREN (cf. 1949) states that mutations involving a gain In 
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ability to ferment some sugar do not occur in the laboratory *). From 
SKINNER’s publication we quote the following: “Isolates in culture undergo 
morphological degenerations or dissociations in a remarkable degree, but 
the fermentative characters remain practically unchanged”. 

Our own experience fully confirms this opinion. That is why we are 
rather sceptical concerning communications like that of OLENOV (1935) 
who reported that under radium treatment new races originated in 
Zygosacch. mandshuricus which were capable of fermenting galactose and 
maltose which the parent strain was unable to ferment. It seems to us 
that such observations are badly in want of further confirmation. 

On the other hand it is not doubtful that, due to variations, the 
fermentative power may lose in vigor. In the exceptional case that a 
sugar was only weakly fermented by the parent strain, it may go so far 
that the fermentative ability of the variant for this sugar is reduced to 
nought. 

On the whole, however, we may conclude that physiological characters, 
more especially the fermentative properties, are fairly stable. 


§3. SEGREGATIONS 


Since the fundamental researches of WinGE and his school (WrNaE 
1935, 1942, 1944, 1947. 1949a; WinacE and LaustTsEN 1937, 1938, 1939, 
1940; DiTLEVSEN 1944) we know that diploid yeasts may be heterozygous 
and that they may segregate new types by spore formation 2). These 
types may deviate considerably from the parent type, especially in 
morphological characters. This was most evident in the different aspect 
of the giant colonies on malt gelatin. From a parent type with smooth 
giant colonies the offspring may have either rough or smooth colonies. 
Often all four types arising from the ascospores of one ascus are different 
and these may again differ from those of another ascus of the same yeast. 
This means that such a yeast is heterozygous in more than one gene and 
that crossing-over has occurred. 

There may also be a difference in the shape and size of the cells, but 
this is often difficult to analyse since this difference may also be due to 
the haploid or diploid stage of the cells. One-spore cultures may first be 


. 


*) This seems to imply a rejection of an lier report of SpPrEGELMAN and 
LINDEGREN (1945) according to which they MPosica in obtaining a galactose- 
fermenting strain from Schizosaccharomyces pombe, a non-galactose-fermenting 
species, cf. p. 83. 
2) According to WINGE (1935) this had been already discovered by Kruts and 
SATAVA in 1918, but since their publication was written in the Czech language it 
remained unknown to most authors. my) 
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haploid and remain so, or they may become diploid by conjugation of two 
cells, or also they may have germinated at once with diploid cells. In most 
cases there is a striking difference between haploid and diploid cells. The 
haploid cells are usually shorter, round or short-oval, and may remain 
attached to each other forming clusters; the diploid cells are much longer 
and show a looser growth. Diploid cultures are able to form spores, 
haploid cultures may form spores only after diploidization through cell 
conjugation, as for instance in Zygosaccharomyces. They may also have 
lost the ability to diploidize and have become asporogenous, and will then 
be brought to Torulopsis. 

With respect to qualitative fermentative ability WINGE stated that the 
single-spore progeny always behaved as the parent type without a single 
exception. 

It should be emphasized that Wince did not find all the yeasts he 
studied to be heterozygous, many were homozygous. 

The LInDEGRENs and collaborators also made an extensive study of 
these problems, the results of which appeared in a considerable number 
of papers. In his book LinpEGREN (1949) has summarized and. partly 
extended the previously published observations and theoretical con- 
siderations. 

Like Wryce the American authors found that many yeasts are 
heterozygous, but moreover they discovered that they are heterothallic 
too. They found two mating types a and a. The one-spore cultures of the 
a type readily conjugate with those of the a type, but two a or two a 
types conjugate less easily and conjugation in one-spore cultures either 
of the a or of the a type is also not common. They considered conjugation 
between an a type and an a type as normal and called this legitimate 
diploidization, whereas the conjugation of haploid cells within one-spore 
cultures was considered as abnormal and called illegitimate diploidization. 
They further found that only legitimate diploids gave rise to yeasts 
which sporulate with asci containing four viable spores. The illegitimate 
diploids usually form asci with two non-viable or less viable spores. 
Zygosaccharomyces species should be considered as illegitimate homozygotes 
which sporulate immediately on conjugation. 

The haploid one-spore cultures have a rough appearance and are 
extremely unstable due to mutations. They may completely lose the 
ability to diploidize. This leads to asporogenous cultures which allegedly 
belong to Torulopsis. According to the LINDEGRENS the genera Zygo- 
saccharomyces and Torulopsis are, therefore, invalid genera. They merely 


represent phases in the life-cycle of Saccharomyces. In their appreciation 
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of the legitimate diploids they even go so far as to think it inadvisable 
to give generic or specific rank to yeasts like Nadsonia which are incapable 
to produce asci containing four viable spores (LINDEGREN and LINDEGREN 
1943). : 

WinGE and Ropers (1948) justly criticized this. Neither could these 
authors agree with the strong antithesis between legitimate and illegitimate 
diploids. In the first place they emphasized that heterothallism is not so 
common in Saccharomyces as LINDEGREN makes it appear. In some strains 
it is very pronounced, other strains only show a trace of heterothallism, 
whereas others are completely homothallic. Further they often studied 
- Saccharomyces cultures producing asci with four viable spores propagated 
from one single spore. They concluded that some strains are able to stand 
inbreeding while others are not, but that this does not coincide with 
heterothallism. 

Recent investigations by LEvPOLD (1950) on Schizosaccharomyces pombe 
throw light on a special case of the occurrence of heterothallism. He found 
a culture of Schiz. pombe to be a mixture of two homothallic strains of 
different fertilities, of two mating types of a heterothallic strain and of a 
sterile strain. Crossing experiments between these strains indicated multiple 
allelism between a factor for homothallism of one of the homothallic types 
and the two factors for heterothallism of the two mating types. He 
further observed mutation from both mating types to the homothallic 
type and from one mating type to the other. 

LINDEGREN (1949) further found that many one-spore cultures had 
lost certain specific characters when compared to the diploid parent from 
which they originated. He even goes so far as to report that a single-spore 
culture of Saccharomyces cerevisiae may be unable to ferment saccharose, 
maltose or galactose or even glucose. 

In contrast hereto we found in all yeast isolates tested the same 
qualitative fermentative properties in the single-spore cultures as in the 
parent strain. 

The fact that, apart from cytoplasmic variation or mutation, spore 
formation in a culture can give rise to new morphological types by 


segregation has been confirmed by Nyprra (1940—'41, 1942—’43) 


and 
HeEtnz (1948) 


In this connection a recent preliminary publication by WickrRHAM 
rT Zs =" . . ¥ . 
GILL and Burton (1950) is also of interest. These authors reported on 
differences in the genus Hansenula between strains which are 


nantly haploid in their vegetative stage and strains which 
They 


predomi- 
are diploid. 
arranged the species they studied in order of increasing ratio of 
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diploid to haploid cells. This ratio was determined by the ratio of asci 
which. do or do not show conjugation. They found for the diploids: an 
increase in the size of the cells; the formation of pseudohyphae or true 
hyphae which is lacking in the extreme haploids; synthesis of all the 
vitamins, whereas haploids are dependent upon the environment; an 
increase in the rate of fermentation and in the number of sugars fermented; 
the production of a pellicle which may be absent in haploids. 

Although our observations are on the whole in agreement with these 
statements, it seems wise to await the detailed publication 1) before 
commenting upon these phenomena. 

WINGE (WINGE and LavsTsEN 1938, 1939; WinGE and Roperts 1948; 
WINGE 1949 a, b; GILLmAND 1949) and LInDEGREN (cf. 1949) and their 
collaborators made many hybrids of which the parents especially differed 
in fermentative ability. From the behavior of the progeny of these hybrids 
and by making back crossings they got an insight into the factors 
responsible for the fermentation of various sugars. By crossing two strains 
different in the fermentation of one sugar they usually did not find the 
expected 2 : 2 segregation in the progeny. WINGE and his collaborators 
concluded from their experiments that in the fermentation of some sugars 
more than one gene is involved. They report that their strain of Sacch. 
cerevisiae has in the haplophase 3 dominant genes for maltose fermentation 
M,, M,, M; 2). Further this yeast has 1 dominant gene G for rapid galactose 
fermentation and 2 dominant genes for saccharose and raffinose fermen- 
tation S, and S, and 1 recessive gene s;. This leads to the formula M, M, M; 
G 8, Sq 43. 

Their strain of Sacch. chevalieri has the formula m, m, mg g, 8; Sg §3. 
This yeast is not able to ferment maltose, it ferments galactose slowly 
and saccharose vigorously. 

For the Sacch. italicus strain they found the formula M, m, m,; G 
S1 8983 (WINGE and RogeERrts 1950 b). This yeast is able to ferment maltose 
and galactose, but saccharose is only weakly fermented and raffinose 
not at all. 1 or perhaps 2 of the recessive s genes cause a weak fermentation 
of saccharose. 

LINDEGREN especially studied the segregation in galactose-, maltose-, 
and melibiose-fermentation. He made crossings between Sacch. cerevisiae 
(G) and Sacch. bayanus (g); Sacch. cerevisiae (G) and Sacch. microellipsodes 
(g): Sacch. cerevisiae (me) and Sacch. carlsbergensis (ME). It is not known 


1) This paper by WICKERHAM appeared in 1951; cf. the note on p. 7. 
2) Recently Wrxce and RoBerTs (1950 a) discovered a m, gene which 1s 
recessive in their strain of Sacch. cerevisiae (yeast foam). 
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which yeast he used for the crossings in which he studied maltose 
fermentation. He did not find the 2 : 2 ratio either in most cases. He does, 
however, not explain these results by accepting multiple genes like 
WrncGe, but with the aid of his new gene theory which he substituted for 
his initially forwarded cytogene theory. LINDEGREN’s later views amount 
approximately to the following. A gene consists of the locus or several 
loci and the chromosomes which produce the gene product. The locus is 
the place of attachment of the chromogene to the chromosome. It must 
be imagined that the chromosome consists of many blocks of which each 
contains many loci and chromogenes. The product of one chromogene 
* reacts with that of another and so a series of reactions takes place which 
results in a product which combines with compounds derived from the 
nucleoplasm and the cytoplasm and finally with the substrate to form’ 
the specific enzyme. Thus one block may produce one special enzyme and 
the blocks may overlap each other. The chromogenes may be transferred 
from one locus to its allele in the homologous chromosome, depending on 
the strength of the attraction of the two allelic loci. Recessive genes are 
converted into dominant genes by a transfer of the chromogenes from 
active to deficient loci. Dominant genes may be converted into recessive 
genes, when the chromogenes in a heterozygote are partitioned equally 
to all loci with the result that an insufficient number of chromogenes is 
obtained at each locus. 

For the production of an enzyme there must be an equilibrium between 
the genes and their products. Since the process of the production of an 
enzyme is so complicated there may be many possibilities of intervention 
in this process. 

It seems to-us that neither Wryen’s strictly orthodox Mendelian inter- 
pretation nor LINDEGREN’s rather revolutionary and confusing theory 
give yet a satisfactory explanation of the various observations. 


§4. THE TAXONOMIC SIGNIFICANCE OF CHANGES IN YEASTS 


After having discussed the changes which may occur in yeasts the 
problem arises how these changes have to be taken into account in veast 
taxonomy. 

On realizing the manifold changes to which a yeast strain may be 
subject, it cannot be denied that these facts are rather depressive for all 
who are dealing with yeast systematics. For, in the first place, the morpho- 
logical characteristics, valued so highly in botanical taxonomy, are very 
susceptible to all three types of variation. Moreover, the single-cell culture 
does no longer guarantee the genetic purity of the culture. 
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With respect to variations in the physiological characteristics used by 
us we are informed practically only about the property of sugar fermen- 
tation. We do not know whether we may extend the conclusions gained 
for this property to the other physiological properties. In addition we 
must realize that according to Winer more than one gene may be 
involved in the fermentation of one sugar and that consequently two 
yeast strains which show the same sugar fermentation may not be 
genetically alike. Since it is not well feasible, or even in many cases 
impossible, to establish the genetic constitution of every yeast isolate, 
these differences must inevitably be neglected in yeast taxonomy. 

We further know that it is possible to cross two strains which show a 
different sugar fermentation and it is clear that such a hybrid is not a 
unity from a taxonomic viewpoint. As far as we know, such hybrids 
have not been found in nature, they may, however, exist. 

Fortunately there are also more encouraging facts which will be 
discussed in the following. 

Several morphological characters as applied by us do not seem to be 
affected by variations. We refer here to the way of reproduction, to a 
particular shape of the cells and that of the ascospores and ballistospores. 
A few examples follow: reproduction by fission in Schizosaccharomyces, 
by bipolar budding in Saccharomycodes ; the apiculate shape of the cells 
in that genus, triangular cells in Trigonopsis, bottle-shaped cells in 
Pityrosporum ; spindle-shaped ascospores in Nematospora ; asymmetrical 
and symmetrical ballistospores respectively in Sporobolomyces and Bullera. 
As has been stated in chapter II we chiefly used these properties in generic 
differentiation. 

As also follows from chapter II in specific differentiation mainly 
physiological characters have been applied. Since among these properties 
chiefly variation in the fermentative ability towards certain sugars has 
been studied we will briefly discuss its significance in yeast taxonomy. 

The enzymes responsible for the fermentation of sugars are not seldom 
distinguished in constitutive and adaptive enzymes. 

Constitutive enzymes, like glucozymase, are enzymes which are formed 
by the cell regardless of the presence or absence of their homologous 
substrates. 

Adaptive enzymes, such as galactozymase, are only produced after the 
cells have been in contact with the homologous substrate. 

Both types of enzymes are considered to be gene-controlled; in the 
absence of the appropriate gene the corresponding enzyme cannot be 
formed. With the adaptive enzymes the mere presence of the appropriate 
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gene does not guarantee the formation of the corresponding enzyme. 

Among the adaptive enzymes galactozymase is most extensively 
investigated in the last years, especially by SPIEGELMAN and his col- 
laborators. . 

SPIEGELMAN, LINDEGREN and Hep@Ecock (1944) and SPIEGELMAN and 
LINDEGREN (1944) found that for diploid strains of Sacch. cerevisiae which 
consist of a genetically stable population, adaptation could occur in the 
absence of cell division, but in a haploid strain of this species which due 
to its haploid condition is genetically unstable, adaptation was found to 
depend on proliferation. In this case the appearance and increase of 
galactozymase involve natural selection. 

SPIEGELMAN and collaborators (REINER and SPIEGELMAN 1948; SPIE- 
GELMAN and DunN 1948; SPIEGELMAN and REINER 1948) after a careful 
study of galactose adaptation in diploid strains came to the conclusion 
that there is no sharp distinction between constitutive and adaptive 
enzymes, but that there exists a competitive interaction among the various 
enzyme-forming systems of the cell. The maintenance of a special enzyme 
in the cytoplasm depends on the chemical stability of the enzyme as a 
protein molecule and on the competitive effectiveness of the synthesizing 
mechanism involved in its formation. 

We may assume that in our fermentation tests (cf. chapter II) which 
allow the growth in the presence of the homologous substrate, the 
conditions for the production and maintenance of the various enzymes 
responsible for the fermentation of the corresponding sugars are present. 

Difficulties, nevertheless, were experienced with the so-called slow- 
fermenters, yeast strains which produce gas, but only in a small quantity 
and after a long time of incubation. These slow fermentations which are 
especially common in the fermentation of galactose may easily fail to 
find expression in our tests. 

LINDEGREN (cf. 1949) supposes that a dominant gene controls a high 
rate of enzyme production, whereas its recessive allele only is able to 
produce a very small amount of enzyme. 

Wince and Roserts (1948) found another type of galactose fermen- 
tation in a strain of Sacch. chevalieri. They named it long-term adaptation. 
Galactose fermentation starts only after an incubation of 8—10 days, 
but is then as rapid as in a strain of Sacch. cerevisiae which ferments 
galactose rapidly. They made crossings of Sacch. cerevisiae with Sacch. 
chevalieri. The progeny of the hybrid showed a 2 : 2 segregation in rapid 
fermentation to long-term adaptation of galactose. When, however, they 
isolated the spores in a galactose medium all the one-spore cultures showed 
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rapid fermentation, but when afterwards these cultures were brought into 
malt extract and tested again, the 2:2 segregation reappeared. They 
concluded that in the hybrid the two alleles for galactozymase are of 
different strength. " 

Munpxkur (1949) and Munpxur and LINDEGREN (1949), however, 
explained the occurrence of the long-term adaptation of galactose as a 
mutation of g cells (slow fermenters) to G cells (rapid fermenters). 
Recently WincE and Roserts (1950 a) pointed out that the latter ex- 
planation does not agree with the fact that the g cultures can be deadapted 
in a medium without galactose and again adapted in a medium containing 
galactose. 

From the above mentioned it will be clear that especially in the 
fermentation tests with galactose, but also with other sugars, all grades 
from rapid fermentation to no fermentation may be found. This fact 
makes an interpretation of the results often difficult. 

SPIEGELMAN, REINER and COHNBERG (1948) demonstrated that galactose 
can be oxidized even while it cannot be fermented and so can serve as a 
source of energy for the adaptation to a fermentative way of utilization. 
This makes clear that in the cases of only slowly fermenting species the 
assimilation tests, the aerobic utilization of the sugar, will be of particular 
importance as an amplification of the fermentation tests and that together 
they can generally give a decision in specific differentiation. 


In systematic studies of yeasts, the fact that in nature no clearly 
defined groups occur is particularly evident. Series of organisms are found 
with a combination of properties which gradually changes from one group 
to another. Consequently it is impossible in systematics to have sharp 
limits between the various taxonomic groups (taxa). The extremes of one 
group may be closely related to another group and it will often be 
difficult to know where to draw the borderline. 

Among the taxa the species is the most important one and we will, 
therefore, briefly discuss the problems connected with the demarcation 
of this taxon in yeast systematics. 

Wryce and LAvstsEn (1939) maintain for yeasts the usual definition 
according to which two types ought to be reckoned to the same species 
when they can hybridize and their hybrids are fully fertile, whereas two 
types should be regarded as separate species when they are unable to 
hybridize or their hybrids show reduced fertility. 

On the ground of their own experiments they came to the conclusion 
that in all those instances where a biochemical difference in fermentation 
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was demonstrated, no fertile hybrids would be obtained, and that, there- 
fore, the strains in question were specifically distinct. On the other hand uni- 
formity in fermentative ability did not necessarily prove specific identity. 

Later Wince and’ LrnpEGREN and their collaborators (W1NGE 1947, 
1949 a, b; Wincz and Roserts 1948; GILLILAND 1949; cf. LINDEGREN 
1949) made several hybrids with a high fertility between types with a 
different sugar fermentation. We, therefore, cannot follow WINGE and 
LavustsEN in their above mentioned criterion for specific differentiation, 
at least not in the systematics of yeasts. Moreover, the value of this cri- 
terion is already limited because of the fact that it can only be applied 
to sporogenous strains. 

In the following we will give our own conception of the species in yeast 
taxonomy. 

As is now generally accepted in microbiology the species has to be 
regarded as a population of varying strains. The more strains have been 
studied the better understanding one will have of the species, but the 
more difficult it may be to delimit this species. This implies that when a 
definition of a species is based on the study of a single or a few strains 
it will not rarely be necessary to enlarge this definition when more strains 
are studied. 

It will further be clear that in defining the species and other taxa the 
intuition of the taxonomist will also play a role. It is this fact that 
contributes to the difficulty of giving an exact enumeration of the 
properties which have guided us in the differentiation of species in yeasts. 

As has been mentioned above, among the physiological characters the 
property of rapid sugar fermentation has proved to be a rather stable one. 
As far as our own experiences go, we found the same for the property of 
sugar assimilation and nitrate assimilation. Further several yeasts are 
characterized by the property of the formation of an early dull, dry 
pellicle (“Kahmhaut”’), a semi-morphological and _ semi-physiological 
property which is also fairly constant. 

As has been discussed in chapter II these properties form the basis of 
our present specific differentiation. 

This does, however, not imply that within a genus those strains which 
show the same sugar fermentation, sugar assimilation, nitrate assimilation 
and pellicle formation are necessarily gathered into one species. Differences 
in other properties may be present which may justify a specific separation 
of those strains. 

Further it was not possible to be consistent in every respect. Thus we 
have applied in the generic differentiation of asporogenous yeasts other 
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characteristics than in that of the sporogenous yeasts. To give an example: 
in the sporogenous yeasts the genus Hansenula, besides other properties, 
is characterized by the assimilation of nitrate; among the asporogenous 
yeasts there are no special genera recognized which have the property to 
assimilate nitrate. In one genus, e.g. in Cryptococcus, there may be found 
species which are nitrate positive and others which are nitrate negative. 
These species are in other respects so closely related that generic 
differentiation did not seem advisable. 

In the genus Endomycopsis we further have an example of the 
difficulties which may arise in defining a taxon, in this instance a genus. 
This genus is characterized amongst others by a profuse development of 
true mycelium besides the presence of budding cells. However, one species, 
Endomycopsis bispora, differs from the others in being nitrate positive 
which property, therefore, is here neglected in generic differentiation. On 
the other hand all other nitrate positive strains of ascosporogenous yeasts 
are brought together in the genus Hansenula. In this genus reproduction 
occurs only by budding, pseudomycelium is frequently present, but true 
mycelium is always absent. 

The question arises which property is of greater value in the above 
mentioned species: the assimilation of nitrate or the development of an 
abundant true mycelium. We decided for the latter, considering that this 
species can be clearly separated from the Hansenula species on account 
of the mycelium formation. But it is obvious that the two genera are 
closely related. 

Similar problems had to be solved for other genera and also for the 


separation of species. 
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CHAPTER IV 


GENERAL CLASSIFICATION OF THE YEASTS 


§1. INTRODUCTORY REMARKS 


As has already been stated in chapter I the yeasts can be divided into 
three groups: 


A. The ascosporogenous yeasts, i.e. the yeasts forming asci and 
ascospores. They are grouped in the family of the Hndomycetaceae. 


B. The yeasts forming ballistospores which arise on sterigmata and are 
ejaculated by a drop-excretion mechanism. They are grouped in the 
family of the Sporobolomycetaceae. 


C. The asporogenous yeasts which form neither ascospores nor 
ballistospores. They are grouped in the family of the Cryptococcaceae. 


In this chapter the general classification of each group will be discussed. 


§2. GENERAL CLASSIFICATION OF THE ASCOSPOROGENOUS YEASTS: 
FAMILY ENDOMYCETACEAE 


First will be presented our system of classification of the ascosporo- 
genous yeasts into genera; afterwards we will put forward the motives 
which led us to this classification. 

The ascosporogenous yeasts are included in the class of the Ascomycetes 
in the subclass of the Protascales (Hemiascomycetes) which are those 
Ascomycetes forming no ascogenous hyphae and no ascocarps. In this 
subclass they belong to the order of the Endomycetales which is charac- 
terized by the property that the zygote or a single cell is transformed into 
an ascus directly or after proliferation of diploid cells. There is no 
dikaryophase. In this order they are finally brought to the family of the 
Endomycetaceae. 

The diagnosis of this family runs as follows: 

Mycelium, pseudomycelium, arthrospores and budding cells side by side 
or alone. Vegetative reproduction by fission or by budding. Asci may arise 
after isogamous or heterogamous conjugation ; often a stage of vegetative 
reproduction between diploidization and ascus formation. Ascospores of 
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various shape. They may conjugate. Besides an oxidative dissimilation a 
fermentative dissimilation is often present. 


The subdivision of the Endomycetaceae is as follows (cf. table 1). 


i 


Ti: 


bie 


7] 


Subfamily Hremascoideae 
Mycelium only; vegetative reproduction by fission; ascus formation 
after preceding conjugation; spores up to 8 per ascus; dissimilation 
oxidative. 

Genus 1. Hremascus Eidam 


Subfamily Hndomycetoideae 

Mycelium and (or) arthrospores; vegetative reproduction by fission ; 
ascus formation usually after preceding conjugation; spores round, 
oval, hat-shaped; dissimilation oxidative or fermentative. 


Genus 1. Endomyces Reess 
Gametangia present. 


Genus 2. Schizosaccharomyces Lindner 
Gametangia absent, conjugation somatogamous. 


Subfamily Saccharomycetoideae 

Mycelium and budding cells, pseudomycelium and (or) loose budding 
cells; vegetative reproduction by fission and budding, or budding 
only; conjugation may or may not immediately precede ascus 
formation; spores of various shape, 1—4 per ascus; dissimilation 
from merely oxidative to predominantly fermentative. 


Tribe Hndomycopseae +) 


Mycelium and budding cells; vegetative reproduction by fission 
and by multilateral budding; dissimilation mainly oxidative 
but also fermentative. 


Genus 1. Endomycopsis Dekker 


The name of this tribe, derived from the generic name Endomycopsis has been 


spelled in this way by SteLtinc—DEKKER (1931). From an etymological standpoint 
this is not in homology with names like Torulopsidaceae (CIFERRI 1925), Torulop- 
sidoideae (DipDENS und LoDDER 1942) derived from the generic name Torulopsis. We 
have, however, retained the name Endomycopseae in its original spelling since the 
Judicial Commission of the International Committee on Bacteriological Nomen- 
clature after having studied this problem proposes to form taxa derived from generic 
names ending in -opsis in this way, 7.e. regarding ops as the combining form and 
not opsid (Intern. Bull. Bact. Nomenclature Taxonomy, 1: 113, 1951). 
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Tribe Saccharomyceteae 

No mycelium; pseudomycelium and (or) loose budding cells; 
vegetative reproduction by multilateral budding; dissimilation 
from merely oxidative to predominantly fermentative. 


Genus 2. Saccharomyces (Meyen) Reess 


Pseudomycelium and (or) loose budding cells varying in shape 
from round to elongate; conjugation may or may not 
immediately precede ascus formation; spores usually round 
or oval, also reniform or hat-shaped, 1—4 per ascus; spores 
may conjugate; dissimilation besides oxidative always 
fermentative; nitrate not assimilated. 


Genus 3. Pichia Hansen 


Pseudomycelium and loose budding cells which are mainly 
oval to long-cylindrical; conjugation may or may not 
immediately precede ascus formation; spores hemispherical, 
hat-shaped, angular or round, 1—4 per ascus; dissimilation 
principally oxidative—pellicle formation—to a lesser extent 
fermentative; nitrate not assimilated. 


Genus 4. Hansenula H. et P. Sydow 


Pseudomycelium and loose budding cells varying in shape 
from round to elongate; conjugation may or may not 
immediately precede ascus formation; spores hat-shaped, 
Saturn-shaped or round, 1—4 per ascus; dissimilation 
oxidative—pellicle formation—besides usually vigorously 
fermentative; nitrate assimilated. 


Genus 5. Schwanniomyces Klocker 


Oval cells; conjugation does not immediately precede ascus 
formation; protuberances resembling conjugation tubes may 
be formed; spores round, warty, with a ledge, ] or seldom 
2 per ascus; dissimilation mainly fermentative; nitrate not 


assimilated. 
1 ee 
Genus 6. Debaryomyces Lodder et v. Rij nom. consery. ?) 


Mainly round to oval cells, rarely pseudomycelium; usually 
heterogamous conjugation immediately precedes ascus for- 


at mm + : a ° 
) The generic name Debaryomyces has still to be proposed as ‘“‘nomen conser- 


rs 7 § » ay i i 
vandum” at the next Botanical Congress. 
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mation; spores round, often with more or less distinct warts, 
1 or seldom 2, exceptionally 4 per ascus; dissimilation almost 
entirely oxidative; nitrate not assimilated. 


Tribe Nadsonieae 


No mycelium, budding cells and occasionally pseudomycelium; 
vegetative reproduction by bipolar budding on a more or less 
broad base; dissimilation oxidative and fermentative. 


Genus 7. Saccharomycodes Hansen 


Cells usually lemon-shaped; no cell conjugation before ascus 
formation ; 4 spores per ascus which conjugate in pairs; spores 
round; dissimilation besides oxidative also fermentative. 


Genus 8. Hanseniaspora Zikes 


Cells usually lemon-shaped; no conjugation observed; 1—4 
spores per ascus, first round later hat-shaped; dissimilation 
besides oxidative also fermentative. 


Genus 9. Nadsonia Sydow 


Cells usually lemon-shaped; heterogamous conjugation be- 
tween mother cell and bud after which a bud of the zygote 
is transformed into an ascus; 1, seldom 2, spores per ascus 

Proricn are round, warty, light brown; dissimilation oxidative 
—pellicle formation—besides fermentative. 


IV. Subfamily Nematosporoideae 


Mycelium and (or) budding cells; vegetative reproduction by fission 
and (or) multilateral budding; conjugation may precede ascus 
formation ; spores fusiform or needle-shaped with or without a whip; 
dissimilation fermentative besides oxidative. 


Genus 1. Monosporella Keilin 
No mycelium; cells oval; no conjugation; spores needle- 
shaped without whip, only 1 per ascus. 


Genus 2. Nematospora Peglion 

Mycelium and: budding cells; no conjugation preceding ascus 
formation; spores fusiform with a whip, up to 8 per ascus; 
dissimilation besides oxidative also fermentative. 
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Genus 3. Coccidiascus Chatton 

Cells round or oblong, no mycelium; isogamous conjugation 
precedes ascus formation; 8 fusiform spores—without whip— 
per ascus. 


V. Subfamily Lipomycetoideae 


Budding cells only; sac-like ascus formed by vegetative cell as a 
protuberance of the latter; spores oval, light reddish, up to 16 per 
ascus; dissimilation strictly oxidative. 


Genus 1. Lipomyces nov. gen. 


The motives which led to the above classification will now be discussed. 

In including the ascosporogenous yeasts among the Ascomycetes in the 
subclass of the Protascales in the order of the Endomycetales we have 
followed the system of classification outlined by GAUMANN in 1949. 
GAUMANN’s conception of the classification of these yeasts differs, however, 
in so far from ours that he recognizes besides the Endomycetaceae the 
family of the Saccharomycetaceae in which the majority of the yeasts are 
included. GAUMANN’s Endomycetaceae only comprise the genera Hremascus, 
Endomyces and Endomycopsis. Also in other systems, for instance in that 
of CLEMENTS and SHEAR of 1931 or in that of Martrn (1940) both families 
are accepted. 

GAUMANN differentiated the two families on the basis of fhe presence 
or absence of gametangia, present in the Hndomycetaceae, absent in 
the Saccharomycetaceae. 

The formation of gametangia is obvious in the genus Hremascus. 
GUILLIERMOND (1909) found them also in Endomyces magnusii ; in Endomy- 
copsis fibuliger he observed anastomosis between two short protuberances 
formed by two neighboring cells of the same hypha, but often these 
protuberances only touched each other, one of them forming the ascus, 
while the other degenerated. In the other species of the genus Endomycopsis 
these protuberances are usually no longer formed. Consequently the limits 
between the two families are not very sharp as is also stated by GAUMANN. 

Moreover, the genus Schizosaccharomyces is included by him in the 
Saccharomycetaceae. The fact is that this genus is closely related to 
Endomyces since in both genera only true mycelium—though in Schizo- 
saccharomyces to a lesser extent than in Endomyces—and arthrospores are 
present. In the genus Schizosaccharomyces no gametangia are formed. The 
ascus arises from the conjugation of two arthrospores. 
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It seems to us not recommendable to separate the genera Endomyces 
and Schizosaccharomyces by putting them into different families. Since, 
moreover, the difference between the genus Endomycopsis and the 
Saccharomycetaceae is not distinct, we prefer to unite the two families 
which then should bear the name: Endomycetaceae. 

Also STELLING—DEKKER (1931) and SxKrnner (1947 ) accepted the 
Endomycetaceae as the only family comprising all ascosporogenous yeasts. 

In the subdivision of the Endomycetaceae we followed STELLING-DEKKER. 
Like her we recognize the subfamilies of the Hremascoideae, Endomy- 
cetoideae, Saccharomycetoideae and Nematosporoideae. We added one 
subfamily, the Lipomycetoideae, for the yeasts discovered by STARKEY 
in 1946. 

In these yeasts the vegetative cell does not directly give rise to an 
ascus, but it forms a sac-like protuberance which grows out to what to 
all probability should be considered to be an ascus and in which 4—16 or 
perhaps even more spores are formed. Neither cell conjugation nor spore 
conjugation have been observed. The spores could not be induced to 
germinate. 

The deviating way of ascus formation together with the large number 
of spores, larger than is found in any other yeast, are the reasons that we 
wondered whether it is permitted to interpret. the mentioned phenomena 
as ascus and ascospore formation or whether we are dealing here merely 
with a special type of vegetative reproduction unknown for yeasts. 

The facts that. neither conjugation nor spore germination have yet been 
observed are no decisive arguments to reject the said formations as asci 
and ascospores, the more so, since it is not at all excluded that con- 
jugation and spore germination will still be found in future. 

We think, moreover, that certain facts make it probable that, indeed, 
ascus and ascospore formation occur here: i.e. the spores very readily 
take the usual spore-stain and the number of spores in the sac agrees with 
sexual spores in so far as they usually occur in a manifold of four. 

We, therefore, follow Starkey in classifying these yeasts in the family 
of the Endomycetaceae. Since the way of ascus formation is different from 
that of other yeasts, we feel justified in establishing a new subfamily for 
this group. 

The subfamily of the Hremascoideae with the single genus Hremascus 
does not belong to the yeasts, since only a true mycelium is formed and 
no yeast cells. It is mentioned here, because GUILLIERMOND (1928 a) and 
several other workers have given good arguments in favor of the view 
that most yeasts can be derived from Hremascus fertilis. 
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To the Endomycetoideae are brought the genera Hndomyces and 
Schizosaccharomyces. Also the genus Endomyces characterized by a true 
mycelium which breaks up into arthrospores and by the formation of 
gametangia is not considered by us as belonging to the yeasts. Because 
of its close relation to Schizosaccharomyces it will be briefly mentioned in 
the discussion of the genera. 

The subfamily of the Saccharomycetoideae comprises the greater part of 
the yeasts. It is divided into three tribes: Endomycopseae with the single 
genus Endomycopsis, Saccharomyceteae and Nadsonieae. 

In the Saccharomyceteae are gathered five genera, viz. Saccharomyces, 
Pichia, Hansenula, Schwanniomyces and Debaryomyces, all accepted by 
STELLING—DEKKER. 

Possibly also the genus Saccharomycopsis should be placed in this tribe. 
It is, however, still doubtful whether this genus can be accepted, since the 
only species belonging to it—Saccharomycopsis guttulata—could not yet 
be adequately studied. 

The genus Debaryomyces had been mainly characterized by the warty 
wall of the spores. Since this property does not suffice to define the 
genus—the more so, since the warts are often very indistinct or may be 
even absent—we emended the genus in this way that only the yeasts 
which are characterized by a pronounced oxidative dissimilation were 
kept in the genus. The Debaryomyces species with a strongly fermentative 
power were removed to the genus Saccharomyces. Since the type species, 
Debaryomyces globosus, was among the latter, we have to propose the name 
Debaryomyces to be accepted as a “nomen conservandum”’. 

The genus Torulaspora accepted by STELLING-DEKKER is no longer 
recognized by us. LINDNER (1904) created this genus and described it as 
follows: Cells look like Torula-cells: round and usually with an oildrop 
within, but they form true spores (1—2 per cell). 

GUILLIERMOND (1928b) gave the following diagnosis: 

Asci are formed from cells which unsuccessfully attempt to fuse through 
one or more tubes. Ascospores are round with a smooth wall, 1—4 per 
ascus, an oildrop in the middle of the spore. Cells are round also with 
an oildrop in the middle, resembling the typical Torula’s. 

In 1933 KrumBuouz drew attention to the close relationship between 
Torulaspora rosei and Zygosaccharomyces globiformis. He discovered (1931) 
in Zygosaccharomyces globiformis different ways in which the spores could 
be formed, not only different for the various strains. but also different in 
one strain. Besides heterogamous and isogamous conjugation and many 
transitions between the two, he also observed the formation of protuber- 
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ances which could be interpreted as conjugation tubes, but which often 
did not perform their function. In the cells which had formed one or 
more tubes spores were often formed. Besides this, spores also arose in 
cells without tubes. On account of these observations he concluded that 
there is no real difference between Torulaspora and Zygosaccharomyces 
and accordingly he rejected the genus Torulaspora a): 

We could observe in a strain labeled Torulaspora rosei besides con- 
jugating cells others with protuberances; both could produce ascospores. 

From the foregoing is clear that there is no distinct difference between 
Torulaspora and Saccharomyces (Zygosaccharomyces). The genus Torulaspora 
is, therefore, rejected also by us. 

A subdivision of the genera Saccharomyces, Pichia and Hansenula has 
not been carried through. The publications of WrncE (1935, 1937, 1939) 
and LINDEGREN (1943, 1944, 1945) and their collaborators have clearly 
demonstrated that Zygosaccharomyces is the haploid stage of Saccharo- 
myces. In Saccharomyces the vegetative cells are predominantly diploid; 
the haplophase sets in when the spores are formed, i.e. after the reduction 
division. The diploid phase is regained by spore conjugation, or by 
division of the nucleus and subsequent fusion of the two nuclei in the 
germinating spore, or by cell conjugation. In the latter case the length 
of the haplophase may differ considerably and in one strain a mixture of 
haplophase and diplophase may be present. But usually the diploid cells 
which are more vigorous will outgrow the haploid ones. 

In Zygosaccharomyces the vegetative cells are haploid; the diplophase 
sets in when two cells conjugate which is immediately followed by ascus 
formation; it ends when the reduction division leading to spore formation 
takes place. 

In many Zygosaccharomyces strains there is a tendency either to lose 
the property to conjugate before the ascus formation or to become 
asporogenous. In the first case it may be that the vegetative cells have 
become diploid owing to proliferation of the zygote before ascus formation. 
In the second case a mutation may be the cause of the loss of spore 
formation. In haploid cells where the mutated chromosomes are not 


1) Jn this connection the studies on Zygosacch. acidifaciens made by NICKERSON 
and THIMANN (1943) and by Nickerson (1943) are interesting. NICKERSON and 
THIMANN discovered a conjugation-promoting principle for this yeast in the filtrate 
from old cultures of Aspergillus niger. A mixture of riboflavin and glutaric acid 
had the same effect. Nickerson further found that by altering the C:N ratio 
of the medium he could block the fusing of the conjugation tubes. This blocking 


could be partly overcome by adding small amounts of riboflavin and glutaric acid. 
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covered by their homologues a mutation will find immediate expression. 

Consequently the duration of haplophase and diplophase is liable to 
alterations and this will efface the limits between Saccharomyces and 
Zygosaccharomyces. It has even happened that one yeast was isolated in 
both phases (Zygosacch. marxianus, Sacch. macedoniensis) and could be 
brought from one phase to the other (LODDER 1947). 

All these considerations induced us to reject a subdivision of the genus 
Saccharomyces and the same applies to the genera Pichia and Hansenula. 

Following STELLING-DEKKER we subdivided the third tribe, the 
Nadsonieae into three genera: Saccharomycodes, Hanseniaspora and 
Nadsonia. 

Also in the subfamily of the Nematosporoideae we accepted the same 
three genera as did STELLING-DEKKER, viz. Monosporella, Nematospora 
and Coccidiascus. 

The yeasts belonging to the genera Monosporella and Coccidiascus have 
never been cultivated. They live as parasites in the body of invertebrates. 
Only their development in the hosts is known. 

The genus Nematospora comprises plant parasites. These yeasts can 
easily be cultivated. GAUMANN separated them from the other yeasts and 
brought them together with the genera Spermophthora, Eremothecium and 
Ashbya into the family of the Spermophthoraceae, another family belonging 
to the Endomycetales. 

GUILLIERMOND (1928 a, 1935, 1936) made a careful study of these four 
genera and their mutual relation. 

To get a better insight into his hypotheses, first a brief description 
will be given of the life cycle of Spermophthora gossypii. 

According to AsHpy and Nowetu (1926) and GurI~LIERMOND the 
haploid hyphae are non-septate and plurinucleate. Under certain circum- 
stances they form laterally small budding cells. The hyphae swell below 
the apex and a gametangium is separated after the formation of two 
septa. This gametangium contains first 5—8 nuclei and after division of 
these nuclei forms up to 40 sickle-shaped gametes which are liberated and 
may grow out to a new haploid mycelium or they may conjugate. The 
zygote grows out to a diploid uninucleate septate mycelium on which 
asci arise with usually 8, occasionally 12 spindle-shaped ascospores. 
These ascospores grow out again to a haploid mycelium. 

Eremothecitum and Ashbya develop a sparsely septate mycelium; 
sporangia are formed out of plurinucleate mycelium parts with 8—32 
more or less curved, needle- to spindle-shaped spores. 

One of GuILLIERMOND’s hypotheses is that Eremothecium and Ashbya 
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could be derived from forms related to Spermophthora by assuming that 
the gametes have lost the ability to conjugate and consequently no 
diploid mycelium with asci and ascospores is formed. The sporangium of 
the two genera is equivalent to the gametangium of Spermophthora and 
not to an ascus, and the spores are homologous to gametes. The latter 
may grow out to a mycelium in which again gametangia are formed. A 
support for this hypothesis is that the strain of Sp. gossypii cultivated 
for many years in the laboratory only formed gametangia and no longer 
asci. Conjugation of the gametes was no longer observed and they grew 
out to a mycelium which could again form gametangia. 

According to this hypothesis Zremothecitwm and Ashbya are related to 
Spermophthora, but not to Nematospora in which asci are formed out of 
uninucleate cells. 

According to another hypothesis Ashbya and Eremothecium like the 
ascosporogenous yeasts should be related to Dipodascus and Ascoidea, 
belonging to the Dipodascaceae, another family of the Endomycetales. 
In Ashbya and Eremothecium the plurinucleate part of the mycelium out 
of which the sporangium is formed should be homologous to a gametan- 
gium and each of its nuclei should correspond to a gamete reduced to an 
energid. All the energids remain and there is no sexuality. Each energid 
developing parthenogenetically undergoes two successive mitoses giving 
four daughter nuclei from which four ascospores arise. The spore sac of 
Eremothecium and Ashbya is to be considered as a composite ascus and 
the number of ascospores is fixed by the number of energids. 

In the genus Hremothecium there is some difficulty in applying this 
hypothesis since each nucleus of the young sporangium undergoes a 
variable number of mitoses, sometimes one, other times two or three. 

According to this hypothesis there exists a direct relation between the 
genera Eremothecium and Ashbya and the genus Nematospora with a 
simple ascus with ascospores of the same shape as those of Ashbya, but 
there is no close relation to Spermophthora. 

As GUILLIERMOND stated, a decision between the two hypotheses is not 
possible at the present stage of our knowledge. 

GAUMANN considered both Ashbya and Nematospora derived from 
Spermophthora by suppression of the production of sporangia (gametangia) 
and sporangiospores (gametes). His classification of the four genera oo 
one family is, however, not in harmony with either of GUILLIERMOND'S 
hypotheses. He may chiefly have been led to this classification by the 
great similarity in the shape of the spores of these fungi. However, since 
all these fungi are parasites on various plants, especially on cotton bolls, 
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into which they are brought by the punctures of bugs feeding on plants, 
we wonder whether this similarity could not be directly connected with 


an adaptation to parasitic life. 
Anyhow the arguments in favor of GAuMANN’s classification are not 


at all conclusive. 

Since, therefore, the affinities of the genus Nematospora and of the 
genera Monosporella and Coccidiascus are not yet clear, and since they 
only differ from the other yeasts in the shape of the spores, we will 
provisionally maintain them in the Endomycetaceae in the subfamily of 
the Nematosporoideae. 


The position of the Hndomycetaceae in the order of the Endomycetales 
which is included in the subclass of the Protascales means that the 
ascosporogenous yeasts are considered as primitive Ascomycetes. The 
progenitor of the ascosporogenous yeasts is assumed to be Hremascus 
which may be derived from the Dipodascaceae, another family of the 
Endomycetales. The Dipodascaceae in turn might be derived from the 
Zygomycetes belonging to the Phycomycetes. 

This is the most current conception of the phylogeny of the ascosporo- 
genous yeasts. There are other theories, of course, but we shall refrain 
from a further discussion. A very clear summary has been given by 
Mrak and PuHarr (1948) to which we refer. 


§3. GENERAL CLASSIFICATION OF THE FAMILY 
SPOROBOLOMYCETACEAE 


The family of the Sporobolomycetaceae should either be classified in the 
class of the Basidiomycetes or in that of the Fungi imperfecti. As 
expounded below we did not come to a decision in favor of one of these 
alternatives. 

The diagnosis of the family of the Sporobolomycetaceae runs as follows: 

Mycelium, pseudomycelium and budding yeast cells. Vegetative re production 
by fission or by budding. Part of the vegetative cells form aerial sterigmata 
either singly or rarely bifurcated. Smooth, hyaline spores are formed which 
develop in an oblique position to the sterigmata. When mature the s pores are 
ejaculated by a drop-excretion mechanism (ballistospores). Dissimilation 
strictly owidative. 


DeERX (1948) distinguished four genera in this family (cf. table 2). 
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TABLE 2 


CLASSIFICATION OF THE 
Family SPOROBOLOMYCETACEAE 


Genera 

1. Sporobolomyces 
2. Bullera 

3. Tilletiopsis 1) 
4. Itersonilia 1) 


Genus 1. Sporobolomyces Kluyver et van Niel 


Red or salmon-pink organisms with oval, elongate to hyphal cells. 
True mycelium and pseudomycelium may be present. Vegetative 
reproduction mainly by budding. Ballistospores are kidney-shaped 
or sickle-shaped and develop in an oblique position to the aerial 
sterigmata. 


Genus 2. Bullera Derx 

Colorless, pallid, pale yellow, creamy-colored to yellowish organisms 
with round to oval cells. No mycelium or pseudomycelium. Vegetative 
reproduction by budding. Ballistospores are symmetrical, round or 
oval and develop in an oblique position to the aerial sterigmata. 


Genus 3. Tilletiopsis Derx 

No yeast cells. Septate hyaline mycelium forming aerial sterigmata 
on which single, smooth, hyaline, curvated, sickle-shaped ballistospores 
are formed. 


Genus 4. I[tersonilia Derx 

No yeast cells. Septate hyaline mycelium forming clamp-connections 
connected with swollen terminal cells which after further growth 
may become intercalary. Aerial sporophores, not ramified, at the 
apex thinner and changing gradually into sterigmata on which 
develop ballistospores singly and terminally. They are asymmetrical 
—but not sickle-shaped—rather thick, smooth, hyaline, at one side 


slightly dented. 

It will be clear that the two last mentioned genera do not belong to 
the yeasts since they form no yeast cells but only a true mycelium. It 
seems doubtful to us whether their classification in the Sporobolomycetaceae 
is justified. They will not be considered further. 


1) This genus does not belong to the yeasts. 
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The systematic position of the Sporobolomycetaceae is not yet a settled 
question and has been subject to much controversy. In most systems 
they are classified among the Fungi imperfecti. In the system of CLEMENTS 
and SHAR (1931) and in that of Marten (1940) they are included with 
the other asporogenous yeasts in the Moniliales. In both systems, however, 
their relation to the Basidiomycetes is pointed out. They are regarded as 
imperfect species of the T'remellales. GAUMANN (1949) who did not discuss 
the Fungi imperfecti only mentioned Sporobolomyces as a possible vegetative 
stage of some smut fungi. 

Bucuwaxp (1939), however, who made a special study of the Fungi 
imperfecti did not mention the Sporobolomycetaceae. He, probably, did 
not consider them as Fungi imperfectv. 

KLuYVvER and van Niew (1924—’25, 1927) were the first to point out 
the identity of the ejaculating mechanism of the spores in the genus 
Sporobolomyces with that of the basidiospores of many Basidiomycetes. 
They suggested that Sporobolomyces might belong to this group. This 
suggestion was strongly endorsed by some authors, e.g. BULLER (1933), 
Derrx (1930, 1948), Henrict (1941), Mrak and Puarr (1948) and fully 
rejected by others, e.g. LoHwacG (1926), STEMPELL (1935), GUILLIERMOND 
(1927 a, b). 

According to BULLER (1933) spores which develop and are discharged 
in the same way as in the genus Sporobolomyces are only found in the 
Basidiomycetes, t.e. in the Hymenomycetes, in the Uredineae and in Tilletia, 
and are lacking in the Phycomycetes, the Ascomycetes and in the Fungi 
imperfect. BULLER, and BULLER and VANTERPOOL (1925, 1933) further 
considered all the spores which are discharged by the drop-excretion 
mechanism as basidiospores, and in consequence hereof they also bring 
the genus Sporobolomyces to the Basidiomycetes. 

BuLLER’s explicit statement, that at that time spores like those formed 
in the genus Sporobolomyces had only been found in the group of the 
Basidiomycetes, seemed to offer a strong support to the conception that 
Sporobolomyces is a Basidiomycete. 

However, already at the time that BuLLER made this statement an 
apparent exception had been published. WrrBEen (1927) observed in 
cultures of Taphrina pruni obtained from germinating ascospores, aerial 
conidia which developed in an oblique position to the sterigmata. The 
resemblance of these conidia to the spores of Sporobolomyces was very 
striking. We are, however, not convinced that WreBEN had actually 
isolated pure cultures of Taphrina pruni. The fact is that in isolating the 
Taphrina species she placed a piece of the affected leaves or fruits over 
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a drop of agar, enabling the ascospores to fall down on the agar where 
they could germinate and multiply by budding. This method, however, 
is open to criticism, for Drrx (1930) showed that Sporobolomyces species 
are very common in nature and are especially found on damaged leaves 
of various plants between the true parasitic fungi of these leaves. There- 
fore, it is by no means excluded that WrEBeEn’s cultures of Taphrina 
prum were contaminated with Sporobolomyces. When we tried to isolate 
Taphrina deformans from affected peach leaves in the same way as 
WIEBEN did, we got a mixture of Taphrina and Sporobolomyces colonies 
on the agar. Therefore, it seems to us that the formation of conidia in 
Taphrina resembling the spores of Sporobolomyces is not proved and needs 
further confirmation. We may assume, therefore, that BULLER’s statement 
that these typical spores are only found in the Basidiomycetes is correct. 

BULLER’s second statement, that the typical spores discharged with the 
drop-excretion mechanism are all to be regarded as basidiospores, is not 
at all commonly accepted. 

In some genera, for instance in Tilletia and the related genus Entyloma, 
they are considered by some authors, e.g. LoHwaG (1926), STEMPELL 
(1935), as conidia. These authors also interpret the spores of Sporobolomyces 
as conidia since in this genus, according to the investigations of GUILLIER- 
MOND (1927a,b) and BULLER, no sexuality has been observed. In the genus 
Tilletta on the promycelium slender primary conidia arise which as a rule 
conjugate. On the basis of this conjugation Lonwag considers these 
primary conidia to be the basidiospores. On the conjugated primary 
conidia the secondary conidia are formed on sterigmata. These are 
ejaculated by the drop-excretion mechanism. They are normally binucleate 
and, therefore, cannot be considered as basidiospores. The chlamydospore 
(‘“Brandspore’’) in which fusion of the nuclei takes place is regarded as 
the basidium. 

Derx (1948)—following a proposal made by Dr M. A. Donk—introduced 
the term ballistospore for the spores in the Basidiomycetes which are 
discharged by the drop-excretion mechanism. He gave a clear analysis 
of the controversy regarding the nature of these ballistospores. Those who 
regard all ballistospores as basidiospores base this conception on mor- 
phological and mechanical data, while with the others cytological con- 
siderations prevail. Or in other words the first group emphasizes the 
identity of the reproductive organs, the others consider as decisive the 
organs in which the sexual act takes place. 

Derx who favors the former conception quotes a passage from 
VutLLEeMin’s book of 1907 in which the latter emphasizes the independence 
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of the sexuality from the reproduction. It is the sexual act which can be 
put off or set in in an earlier stage. The latter is the case in Tilletia where 
conjugation is found between the primary conidia whereas it normally 
takes place between the basidiospores or between the mycelia formed by 
the basidiospores. 

As follows from this discussion the opinions on the question whether 
all ballistospores should be considered to be basidiospores are still divided, 
the conclusion mainly depending on definitions. 

There is, however, still one point which we wish to emphasize in this 
connection. The fact that the cells of Sporobolomyces are uninucleate and 
‘ that no karyogamy is observed is not a conclusive reason to exclude them 
from the Basidiomycetes, because there are many examples of Basidiomy- 
cetes in which no sexuality is observed. BULLER gave the example of 
Hygrophorus virgineus of which Bavcu investigated a 2-spored race which 
is haploid throughout. STEMPELL ascertained the same for Hntyloma 
ranunculi and Entyloma calendulae. From Entyloma calendulae he could 
also cultivate a binucleate mycelium forming clamp-connections, but 
according to Drrx he probably isolated a contamination identical with 
Itersonilia. This fungus is binucleate throughout and no karyogamy could 
be observed for this organism either. 

STEMPELL further supposed that the genus TVlletiopsis should belong 
to Tilletia. If this is correct, Tilletiopsis would belong to the Basidiomycetes 
and then we wonder why Sporobolomyces and Bullera which mainly differ 
from Tilletiopsis in forming budding yeast cells instead of a septate 
mycelium should not belong to the Basidiomycetes also. 

Summing up it seems evident that a close relationship exists between 
the genera Sporobolomyces and Bullera and the Basidiomycetes. It depends 
more or less on the insight of the mycologist whether he regards the 
spores formed in these genera to be basidiospores or not. 

In view of these facts it is not possible to decide whether the genera 
Sporobolomyces and Bullera should be included in the Basidiomycetes or 
in the Fungi imperfectt and, therefore, we leave this question open. 

Nevertheless, we will briefly discuss here which systematic position 
the Sporobolomycetaceae may have in either of the two groups. 

With respect to their position in the Basidiomycetes the following 
opinions are given. 

KLuUYVER and Van NIEt suggested that the genus Sporobolomyces may 
be included in the Hemibasidii which comprise the Uredinales and the 
Ustilaginales. 


LInDER (1940) in his paper on the evolution of the Basidiomycetes 
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derived Sporobolomyces from Ustilago scabiosae by a reduction of the 
basidium and a decrease of the number of spores. Intermediate forms are 
Cintractia montagnei, in which only two basidiospores with nuclei of 
opposite sex are formed, and Ustilago longissima var. macrospora in which 
only one binucleate spore is formed. The last stage of reduction is reached 
in Sporobolomyces where there is apparently a complete loss of sex. 

According to this scheme it may be possible to classify the Sporobolo- 
mycetaceae in the Ustilaginales. 

If the Sporobolomycetaceae should be included in the Fungi imperfecti 
their systematic position within this group depends on the inclusion of 
the genera Tilletiopsis and Itersonilia in the family or not. 

If not, the Sporobolomycetaceae could be classified in the order of the 
Cryptococcales in a separate family. The diagnosis of this order is given 
below. 

If, however, these two genera are included, we see no possiblity to 
classify the Sporobolomycetaceae in one of the existing orders of the Fungi 
imper fecti. 


§4. GENERAL CLASSIFICATION OF THE ASPOROGENOUS YEASTS: 
FAMILY CRYPTOCOCCACEAE 


The following scheme for the classification of the asporogenous yeasts 
is proposed by us. 

Since these yeasts are deprived of any conjugation or spore formation 
(asco- or ballistospores) they belong to the class of the Fungi imperfecti 
or Deuteromycetes. In this class they are gathered in a separate order, the 
Cryptococcales. The diagnosis of this order is as follows: 

Reduced true mycelium or no mycelium; pseudomycelium may be 
formed; budding cells are always present; no true conidia. Cells are 
hyaline, never dark or brown. Carotenoid pigments may be formed. 

In the Cryptococcales we recognize one family, the Cryptococcaceae which 
is characterized as follows: 

Budding cells always present; moreover mycelium, pseudomycelium 
and arthrospores may be formed. Reproduction by budding ; besides fission 
may occur. Cells hyaline, never dark or brown; carotenoid pigments 
may be present. Dissimilation strictly oxidative or besides oxidative also 


fermentative. 


The subdivision of the Cryptococcaceae 18 as follows (cf. table 3). 
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TABLE 3 
CLASSIFICATION OF THE ASPOROGENOUS YEASTS 
Family CRY PTOCOCCACEAE 

Subfamily Subfamily Subfamily 
Cry ptococcoideae Trichosporoideae Rhodotoruloideae 

Genera Genera Genera 

1. Cryptococcus 1. Trichosporon 1. Rhodotorula 

2. Torulopsis 

3. Pityrosporum 

4. Brettanomyces 

5. Candida 

6. Kloeckera 

7. Trigonopsis 

I. Subfamily Cryptococcoideae 


Besides budding cells, pseudomycelium and true mycelium may be 
formed, but no arthrospores. Reproduction mainly by budding, 
although fission may occur. No yellow to red color due to the 
presence of carotenoid pigments. 


Genus 1. Cryptococcus Kiitzing emend. Vuillemin 


Mainly budding cells of round or oval shape; pseudo- 
mycelium absent or rudimentary; no true mycelium. Repro- 
duction by multilateral budding. Cells are surrounded by a 
capsule in which under special conditions a starch-like poly- 
saccharide is formed. Cultures have a mucous appearance. 
Dissimilation strictly oxidative. 


Genus 2. Torulopsis Berlese 


Mainly budding cells of round or oval shape; no true 
mycelium; pseudomycelium absent or rudimentary. Re- 
production by multilateral budding. Usually no capsule 
formation, never production of a starch-like polysaccharide. 
Dissimilation either oxidative or oxidative and fermentative. 


Genus 3. Pityrosporum Sabouraud 


Only budding cells, oval or bottle-shaped. No mycelium or 
pseudomycelium. Reproduction by polar budding, the buds 
are separated from the mother cell by septation. Growth 
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Ly 


III. 


slow and poor on normal cultural media. Dissimilation 
strictly oxidative. 


Genus 4. Brettanomyces van Laer et Denamur 

Mainly budding cells of round or oval shape, often “ogive’’- 
shaped ; no mycelium; a primitive pseudomycelium is formed. 
Reproduction by multilateral budding. Growth slow. Strong 
acid production from sugars; typical aroma formed. Besides 
oxidative also fermentative dissimilation. 


Genus 5. Candida Berkhout 
Budding cells and pseudomycelium; true mycelium may 
occur. Reproduction mainly by multilateral budding, besides 
fission may occur. Dissimilation either only oxidative or 
oxidative and fermentative. 


Genus 6. Kloeckera Janke | 

Mainly budding cells which are often lemon-shaped. A 
primitive or rarely well-developed pseudomycelium may 
occur; no true mycelium. Reproduction by bipolar budding. 
Dissimilation fermentative and oxidative. 


Genus 7. T'rigonopsis Schachner 
Only budding cells which are often triangular besides ellip- 
soidal. No mycelium or pseudomycelium. Reproduction in 
triangular cells from angles, in ellipsoidal cells multilateral. 
Dissimilation strictly oxidative. 


Subfamily T'richosporoideae 
True mycelium, pseudomycelium, arthrospores and budding cells are 
formed. Reproduction by budding and by fission. No yellow to red 
color due to the presence of carotenoid pigments. Dissimilation 
generally strictly oxidative, but in some cases a fermentative 
dissimilation is also present. 

Genus 1. T'richosporon Behrend 


Subfamily Rhodotoruloideae 
Budding cells. Pseudomycelium may be formed. No true mycelium, 
no arthrospores. Reproduction by multilateral budding. Yellow to 
red color due to the presence of carotenoid pigments. Dissimilation 
strictly oxidative. 

Genus 1. Rhodotorula Harrison 
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The asporogenous yeasts like the other Fungi imperfecti either have 
lost the ability to form a perfect stage or they may have a perfect stage 
whilst we are either ignorant regarding the relation between this stage 
and the corresponding yeast form or regarding the conditions which are 
necessary for the realization of the perfect stage. 

Some imperfect yeasts are so similar to a known perfect yeast species 
that they could be considered as identical but for the ability of the latter 
to form spores. They may then be regarded as the imperfect stage of that 
species. In the greater part of the asporogenous yeasts such a relation to 

a sporogenous yeast species has not been found with any certainty. This 
‘makes it impossible to compose a classification of the asporogenous yeasts 
which is similar to that of the sporogenous yeasts. 

A system of classification of imperfect organisms is of necessity more 
artificial than that of perfect organisms. 

In almost all the systems used in which the asporogenous yeasts are 
mentioned they are classified among the Moniliales or Hyphomycetes 
(CLEMENTS and SHEAR 1931; Martin 1940; Saccarpo 1) 1906, 1913, 
1931) 2). 

BucHWALD (1939), on the contrary, came to the conclusion that the 
asporogenous yeasts can be easily separated from the other Fungi 
imperfecti and, therefore, gathered them in a separate order, the Torulop- 
sidales. He gave the following diagnosis of this order: 

Mycelium is completely lacking or has developed into a pseudo- 
mycelium; occasionally, however, a primitive true mycelium is present. 
Reproduction typical through blastospores (yeast cells), rarely through 
arthrospores. Conidia are absent. Some species are able to ferment sugar, 
others are not. Some form a pellicle on liquid media, others do not. 

We followed BucHwatp in classifying the asporogenous yeasts in a 
special order. We have, however, changed the name of this order into 
Cryptococcales to bring it in agreement with the only family, the 
Cry ptococcaceae. 

We slightly emended Bucnwatp’s diagnosis which led to our above 
given diagnosis of the Oryptococcales. 

In the subdivision of his Torulopsidales BucHWALD has mainly followed 


1 SAC j , 
) Saccarpdo only mentions the genus Torulopsis. 


E , oun ; 
) After the manuscript had been finished we received from Professor R. 


’ CIFERRI 
at Pavia a stencilled paper entitled: 


‘A provisional key of the genera of anascosporo- 
genous yeasts and allied fungi’’. Unfortunately it was not possible to consider this 
paper in the present book. We regret to say that in many respects our conceptions 
are different from those of the Italian author. 
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the classification of the asporogenous yeasts as outlined by LopprER 
(1934). She subdivided these yeasts into three families: V’ ectaromycetaceae, 
Torulopsidaceae and Rhodotorulaceae. 

However, the first family was only accepted by her with much 
reservation and BucHwaLp has definitely rejected it. This family was 
created by CrrerRI and REDAELLI (1929) for those asporogenous yeasts 
which develop a true conidial form besides yeast cells. It included two 
genera: Sporobolomyces and Nectaromyces. The first genus S porobolomyces 
is now included in the Sporobolomycetaceae. DippENSs and Loppmr (1942) 
demonstrated that the genus Nectaromyces is not valid, since the formation 
of mycelium and conidia claimed by some authors was found to be 
pseudomycelium and _ blastospores. 

For these reasons DippEns and LoppeEr followed BucHwatp in sub- 
dividing the Torulopsidales into the two families Torulopsidaceae and 
Rhodotorulaceae. 

The difference between the two families Torulopsidaceae and Rhodo- 
torulaceae is the absence in the former and the presence in the latter of 
pigments of carotenoid nature. However, the property to form carotenoid 
pigments cannot be accepted as sole characteristic of a family. The more 
so since—as has been discussed in chapter II—we have not succeeded in 
elaborating a satisfactory method which in all cases enables us to establish 
the presence of these pigments. Consequently we have been obliged to 
rely merely on visual observation, taking into account the intensity of 
the pigmentation. Accordingly to the genus Cryptococcus some strains were 
brought although they show a slightly reddish or yellowish tinge in their 
streak culture. Undoubtedly the relationship between the genera Rhodo- 
torula and Cryptococcus is very close. But on the other hand the greater 
part of the Rhodotorula yeasts forms an easily recognizable group apart 
from the other yeasts. We, therefore, gave these yeasts the rank of a 
subfamily, the Rhodotoruloideae, in the family of the Cryptococcaceae, 
herewith expressing their relation to the other Cryptococcaceae and at 
the same time their separateness from them. This subfamily comprises 
one genus: Rhodotorula. 

As for the name of the sole family accepted we must remark that the 
name Cryptococcaceae is older than the name Torulopsidaceae 1). Since 
we included the genus Cryptococcus among the genera belonging to the 
family the former name has to be chosen. 


1) CasTELLANI and CHALMERS (1919) already used the name Cryptococcaceae. 
7 5 ly N81. 3 25 
Probably it has been used before. The name Torulopsidaceae dates from 1925 and 


was introduced by CIFERRI. 
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In the above mentioned classification of LoppER the T'orulopsidaceae 
were divided into two subfamilies: the T'orulopsoideae and the Mycoto- 
ruloideae. BUCHWALD rectified the name Torulopsoideae into Torulopsi- 
doideae and changed the name Mycotoruloideae into Candidoideae in order 
to bring it in agreement with one of the names of the genera, 7.e. Candida, 
included in this subfamily. DrippENs and LoppeER, however, used the 
names Torulopsidoideae and Mycotoruloideae. We, again, changed the 
name Torulopsidoideae into Cryptococcoideae. 

BucHwatLp’s subfamily Candidoideae comprised two genera: Candida 
and Trichosporon. DippENS and LoppER added to their subfamily 
‘ Mycotoruloideae the genus Brettanomyces. 

The differences between the genera Candida and Brettanomyces on the 
one side and the Torulopsidoideae sensu Diddens et Lodder on the other 
hand are not always very distinct. They concern the formation in the 
two first mentioned genera of a well-developed pseudomycelium occasion- 
ally mixed up with true mycelium and the absence of mycelium and 
pseudomycelium in the Torulopsidoideae. Many strains belonging to the 
latter group are, however, able under special conditions to form some 
sort of pseudomycelium although usually poorly developed. Moreover, 
the formation of pseudomycelium is generally primitive in the genus 
Brettanomyces, and in the genus Candida all transitions are found from a 
well-developed to a rather rudimentary or primitive pseudomycelium. 
These facts cause the demarcations between the Torulopsidoideae sensu 
Diddens et Lodder and the genera Brettanomyces and Candida to be rather 
indistinct. The genus T'richosporon on the contrary is clearly separated 
from the other genera by the formation of arthrospores. This has led us 
to separate only this genus from the others in a subfamily. Since neither 
the name Mycotoruloideae nor the name Candidoideae is acceptable for 
this subfamily we named it Trichosporoideae. The genera Candida and 
Brettanomyces are included in the subfamily of the Cryptococcoideae. This 
required an emendation of the diagnosis in comparison of that given for 
the Torulopsidoideae by other authors, which led to our diagnosis given 
above. 

The genus Brettanomyces can be separated from the other Cry pto- 
coccoideae by its formation of “ogive’’-shaped cells and by its strong acid 
production. The genus Candida is most closely related to the genus 
Torulopsis from which it differs only in the formation of a well-developed 
pseudomycelium, occasionally accompanied by true mycelium. As has 
been said it may be difficult in some cases to decide between these two 
genera. Some authors consider the property to form a pseudomycelium 
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or not, unsuitable for a generic separation (WiNDIScH 1947), but we do 
not agree. A typical Torulopsis is very easily distinguished from a typical 
Candida. Transitions between genera will always exist. In the group of the 
asporogenous yeasts, which lack all the characteristics of sexual repro- 
duction, we must make the most of the few properties available. We, 
therefore, maintain both genera. 

LopDER brought to the Torulopsidoideae 7 genera: Torulopsis, Pity- 
rosporum, Kloeckera, Trigonopsis, Asporomyces, Mycoderma and Schizo- 
blastosporion. BUCHWALD only accepted the genera Torulopsis, Kloeckera 
and Mycoderma. As appears from our classification given above we no 
longer accept the genera Asporomyces, Mycoderma and Schizoblastosporion. 

The genus Asporomyces created by CHABORSKI (1919) is characterized 
by the formation of a kind of protuberances resembling conjugation tubes. 
Neither conjugation nor spore formation ever occurred. LoppER who did 
not have at her disposal a strain of the only species described, at that 
time provisionally accepted the genus. In 1940 Mrak and McCiune 
described a second species, but in 1942 Mrax, Parr and SmirH proved 
the invalidity of the genus Asporomyces in demonstrating that several 
strains both of asporogenous and sporogenous yeasts classified in widely 
divergent genera showed the same kind of protuberances on sporulation 
media. 

The genus Mycoderma was accepted by LoppER and by BucHWALD. 
LopvER defined it as follows: Yeasts which form oval or cylindrical cells, 
often in chains, developing a more or less primitive pseudomycelium. An 
early dry, dull pellicle is formed on malt extract and usually also on the 
medium with ethanol as sole source of carbon. No fermentation. Only 
glucose is assimilated. Nitrates are not used. 

CIFERRI and REDAELLI (1947) renamed this genus Mycokluyveria. 

Our recent investigations have shown that the strains belonging to the 
6 species distinguished by LoppErR showed only minor differences in some 
properties which are moreover often subject to great variation, v.e. in the 
size of the cells, in the aspect of pellicles on malt extract cultures and in 
the appearance of streak cultures. In all strains pseudomycelium formation 
was observed, though in different degrees of development. These facts led 
to the inclusion of all these strains into one species which was brought 
into the genus Candida as Candida mycoderma. At the same time the 
genus Mycoderma was abolished. 

The genus Schizoblastosporion was created by CrreRRI (1930) for a 
yeast isolated by Srarkey and HEnRIcI from a soil sample. It is 
characterized by a reproduction intermediate between budding and 
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fission. A bud is formed on a more or less broad base. When it is full- 
grown it is separated from the mother cell by fission. Although LoDDER 
hardly could confirm this property in an authentic strain, she accepted 
the genus Schizoblastosporion. When we again studied this strain it formed 
a well-developed pseudomycelium and fermented glucose, which is in 
contrast to previous descriptions. It was very similar to Candida kruset. 
On the assumption that something had gone wrong with this strain, we 
asked the ‘“‘A.T.C.C.” for a subculture which we received in 1948. To our 
surprise this strain also showed the same properties—pseudomycelium 
formation, glucose fermentation—as our strain. 

In 1935 DopGE brought into the genus Schizoblastosporion some other 
species which, however, have been generally accepted to belong to the 
genus Candida. 

LANGERON and GuERRA (1938) were unable to accept the validity of 
the genus Schizoblastosporion and considered it as synonymous with 
Candida. 

Mrak and McCune (1940) observed that after prolonged cultivation 
on malt agar the bud-fission character was no longer very evident. 

All this induced us to reject the genus Schizoblastosporion. 

The genus Torulopsis as recognized both by LoDDER and by BucHWALD 
is a rather heterogeneous genus. Following a suggestion of SKINNER 
(1950) we split it into two genera. We removed from the genus Torulopsis 
the capsulated, “starch’’-producing, non-fermenting species which form a 
mucous culture on solid media. We included these species in a separate 
genus. These organisms fitted well in the genus Cryptococcus Kiitzing, used 
in the sense VUILLEMIN (1901) gave it, and further emended by us. Con- 


sequently also the diagnosis of the genus Torulopsis needed some 
amendments. 


As has been said before, it was impossible to classify the asporogenous 
yeasts in a similar way as has been done with the sporogenous yeasts. 
The consequences are that the imperfect stages of some species are 
classified into one genus whereas the perfect stages are brought into 
various genera. 

Thus in the genus Torulopsis probably the imperfect stages of both 
Saccharomyces species and Debaryomyces species are found and in the 
genus Candida imperfect stages of Saccharomyces species, Hansenula 
species and Pichia species. 

The imperfect stage of Hanseniaspora valbyensis is brought into the 
genus Kloeckera. 
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It further seems very probable that the species of the genus Rhodotorula, 
at least partly, are to be considered as asporogenous Sporobolomyces 
species, and the same may hold true for the genus Cryptococcus in con- 
nection with the genus Bullera. On the other hand there exists also a 
great resemblance between the genus Cryptococcus and the genus Lipomyces. 

Further investigations should throw more light on these possible 
relations. 
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CHAPTER V 


DISCUSSION OF THE GENERA BELONGING TO THE 
ENDOMYCETACEAE 


KEY TO THE GENERA OF THE ENDOMYCETACEAE 


la Vegetative reproduction by fission only (2) 
b Vegetative reproduction by fission and (or) by multi- 
lateral budding (4) 
c Vegetative reproduction by bipolar budding on a more 
or less broad base (14) 


2a Only true mycelium formed, no arthrospores 
Eremascus 


b True mycelium and arthrospores are formed (3) 


3a Ascus formed from conjugating arthrospores 


Schizosaccharomyces.. . 2. 2.) . &@ se, Pee 82 
b Ascus not formed from conjugating arthrospores 

Endomyces 
4a Spores fusiform or needle-shaped (5) 
b Spores not fusiform nor needle-shaped (7) 


5a Not more than one needle-shaped spore per ascus 
RA UOTEUE ne vc ete 2 ho ee Do Bae 


More than one fusiform spore per ascus (6) 


6a Spores with a whip 

VeTEHOUDOE SS a ey ws} es Pees 
b Spores without whip 

GerInACUaG etc ow. 8 se Pe BOS 


7a Besides budding cells a true mycelium 
Bndomycopeis . ee ee ee es P. 96 
b No true mycelium; a pseudomycelium and (or) loose 


(8) 


budding cells 
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l4a 
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Vegetative cell forms sac-like protuberance which becomes 
the ascus 

Inpomyces. .. . Spree ec aS 
Vegetative cell itself, or fhe eis of two vegetative 
cells, is transformed into the ascus 


Nitrate assimilated 
Hansenwha 4) eee fp ei ee ee 
Nitrate not assimilated . 


In malt extract early development of a dry, dull pellicle 
In malt extract no pellicle or only after a longer time 


Cells oval to ppg coat 


Pichia, ~. *. 2G ee Me er ae, Soy es F 
Cells round to short- eral 
JIEDUTY ONY CEE” a2) sey taht cant) eee eee ee eee 


Glucose always strongly fermented 
Glucose not or very weakly fermented . 


Debaryomices 27 «tee eae eee ero 
Spores round, reniform or hat-shaped, smooth 

Saccharomyces . . . - pele 
Spores round with a warty pail al a cede 

Schwanniomyces .. . «1» +. 1 ss » DP. 274 


Cells small, bipolar budding; spores first’ round, later 
hat-shaped, 1—4 per ascus 

Hanseniaspora . . . . .) ae 
Cells big, bipolar budding on a brosd pees spores round 
or oval, 1—4 per ascus; conjugation of spores in pairs 

Saccharomycodes . . . . + va p.x<d0S 
Cells big, bipolar budding on a Bred base spores round 
with a warty wall, 1 spore per ascus: conjugation before 
ascus formation, ascus originates from budding of the 
zygote 

NGGSONNE ee wkd <o ee 


(13) 


In the 4 following paragraphs the genera belonging to the subfamilies 
Endomycetoideae, Saccharomycetoideae, Nematosporoideae and Lipomy- 
cetoideae will be discussed. 


At the end of each genus a summary and a list of references has been given. 
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§2. SUBFAMILY ENDOMYCETOIDEAE 


For the diagnosis of this subfamily cf. p. 52. 
A discussion of the 2 genera belonging to this subfamily follows. 


Genus 1. ENDOMYCES Reess 
a. DIAGNOSIS OF THE GENUS 


A true septate mycelium is formed which may break up into arthrospores. 
The arthrospores are cylindrical with rounded ends or more oval. Vegetative 
reproduction by fission. 

Special cells (gametangia) arise at the branched hyphae which form 
asci. A conjugation may precede ascus formation. Spores are hat-shaped 
or oval. 


The genus Hndomyces has its equivalent among the Fungi imperfecti 
in the genus Geotrichum. Both genera which fully have the character of 
molds do not belong to the yeasts in the proper sense. 

Since there is a close relationship between the genus Hndomyces and 
the spore-forming yeasts, especially the genus Schizosaccharomyces, we will 
not omit a brief discussion of the former genus. 


b. HISTORICAL SURVEY OF THE GENERIC NAME 


The genus Endomyces was created by ReEss in 1870. According to him 
it mainly differs from the genus Saccharomyces in the formation of a 
mycelium which was lacking in the latter. 

GUILLIERMOND (1928) defined the genus more precisely. He distinguished 
two groups: A and B. In group A a true mycelium is formed which 
breaks up into arthrospores. The asci are formed as buds on the mycelium 
segments. Fungi with the same characters but which never form asct 
should be included in the genus Geotrichum Link. 

In group B also a true mycelium is present which in a few species may 
break up into arthrospores. The mycelium, however, always forms yeast 
cells by budding. Asci arise as buds on the mycelium or mycelium 
segments, or yeast cells are changed into asci. The ascospores either form 
a mycelium or budding yeast cells. 

SreLiinc—] JEKKER (1931) restricted the genus Hndomyces to GUILLIER- 
MoND’s group A. For the species belonging to group B she created a new 


80 FAMILY ENDOMYCETACEAE (Cu. V, §2 


genus Endomycopsis which is classified into the subfamily of the 
Saccharomycetoideae. 

Recently WrnpiscH (1951) has made an extensive study of the organism 
commonly known as Oospora lactis and related organisms. He observed 
forms which he interpreted as asci. On account of this spore formation 
WINDISCH included these organisms in the genus Hndomyces. He dis- 
tinguished one species, Endomyces lactis and three varieties. 

Accordingly the following species and varieties have been included in 
the genus Endomyces : 


Endomyces decipiens (Tulasne) Reess 

Endomyces magnusii Ludwig 

Endomyces lactis (Fres.) Windisch 

Endomyces lactis (Fres.) Windisch var. fragrans (Berkh.) Windisch 
Endomyces lactis (Fres.) Windisch var. matalensis (Cast.) Windisch 
Endomyces lactis (Fres.) Windisch var. klebahnii (Stautz) Windisch. 
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Genus 2. SCHIZOSACCHAROMYCES Lindner 


a. DIAGNOSIS OF THE GENUS 


Cells are cylindrical, rectangular, oval or round. Vegetative reproduction 
by fission only. A true mycelium which breaks up into arthrospores, may 
be formed. 

The vegetative cells are haploid. Ascus formation is as a rule 
immediately preceded by isogamous conjugation. Spores are round, oval 
or reniform, they usually give a positive starch test with iodine; four or 
eight spores are formed in the ascus. 

Fermentative dissimilation. Nitrate not assimilated. With ethanol as 
sole source of carbon no growth. 


b. THE TYPE SPECIES OF THE GENUS 


According to art. 18 of the Intern. Rules of Botan. Nomenclature 
Schizosaccharomyces pombe Lindner is the type species. 


c. HISTORICAL SURVEY OF THE GENERIC NAME 


The name Schizosaccharomyces was first applied in 1893 by LINDNER 
for a yeast, isolated from African beer made from millet, which multi- 
plicated vegetatively by fission. By this name LINDNER wanted to express 
on one side the difference in vegetative reproduction between his new 
genus and the genus Saccharomyces, and on the other side the resemblance 
between the two in ascospore formation and in fermentative dissimilation. 

GUILLIERMOND (1928) and STELLING—-DEKKER (1931) gave diagnoses 
which on the whole are covered by the diagnosis given above. Only the 
possibility that a true mycelium which breaks up into arthrospores may 
be formed is omitted in the older diagnoses. We included it because the 
later described species Schiz. versatilis has this property. 

By the characteristic of forming a true mycelium the genus Schizo- 
saccharomyces approaches the genus Endomyces especially End. magnusit. 
But there is a fundamental difference between the two genera in the way 
the asci are formed. In HEndomyces they arise as special cells on the 
mycelia, whereas in Schizosaccharomyces the asci are formed out of two 
conjugating cells or arthrospores. Moreover, in the genus Hndomyces 


6 





Schiz. pombe 
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the mycelium is plurinucleate, whereas in Schiz. versatilis a hyphal cell 
has only one nucleus. 


d. SURVEY OF THE SPECIES ACCEPTED IN THE GENUS 
The genus includes three species which follow in chronological sequence: 


1. Schizosaccharomyces pombe Lindner 1893 
2. Schizosaccharomyces octosporus Beyerinck 1894 
3. Schizosaccharomyces versatilis Wickerham et Duprat 1945. 


e. KEY TO THE SPECIES OF THE GENUS SCHIZOSACCHAROMYCES 


la Up to 8 spores per ascus are formed — (2) 
b Up to 4 spores per ascus are formed 
Schtz.. pombe) Sues «cna ait gee, 2 eee 


2a No mycelium is formed 
DCH, .OClOsporUs’s |. . 4 a) shee ee ee 


b A true mycelium is formed which breaks up into 
arthrospores 
Schiz, weracisg:.. (see... ee ee eee 


f. SYSTEMATIC DISCUSSION OF THE VARIOUS SPECIES 


1, SCHIZOSACCHAROMYCES POMBE LINDNER 


a Synonyms 


Schizosaccharomyces asporus Beijerinck (1897) 

Schizosaccharomyces vordermani Wehmer (1906) 

Schizosaccharomyces mellacei Jérgensen (1909) 

Schizosaccharomyces formosensis Nakazawa (1914) 

Schizosaccharomyces formosensis Nakazawa var. akoensis Nakazawa (1914) 
Schizosaccharomyces formosensis Nakazawa var. tapaniensis Nakazawa (1914) 
Schizosaccharomyces santawensis Nakazawa ( 1914) 

Schizosaccharomyces liquefaciens Osterwalder (1924) 

Schizosaccharomyces pinan Nakazawa 

Schizosaccharomyces taito Nakazawa 


6 Original description and historical survey 


This species was described for the first time by LinpneR (1893). He isolated it 
from African beer made from millet and named it Schiz. pombe. Pombe is the name 
given to this beer by the natives in East Africa. His description runs as follows: 

In malt extract: Cells are cylindrical, rounded at the ends and of varying 
lengths. Vegetative reproduction by fission ; usually a septum is formed in the middle 
of the cell. When the cultures are poorly aerated, cells are longer and more septa 
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are present, even side branches may be found. A sediment is formed, but no pellicle. 
Sporulation: Spores are easily formed in malt extract and on malt gelatin, 
not on gypsum; ]—4 spores per ascus. 
Fermentation: Glucose, saccharose and maltose are fermented. 


In the same year (1893) VoRDERMAN found this yeast in arak fermentations in 
Java. It seemed to play an important part in the manufacture of arak (E17KMAN 
1894 a,b). Spore formation was not observed. For that reason BrIsERINCK (1897) 
named it Schiz. asporus; WEHMER (1906) designated it as Schiz. vordermani. Yet 
occasionally spore formation seems to have been observed in this yeast (COOLHAAS 
1925). STELLING—DEKKER (1931) identified it with Schiz. pombe. 

The same yeast isolated from cane sugar molasses used in the manufacture of 
rum in Jamaica was described as Schiz. mellacei by JORGENSEN (1909). He 
frequently observed conjugation before ascus formation. The spores were oval, 
usually 4 per ascus. In the spore wall starch was formed. STELLING-DEKKER 
identified also this species with Schiz. pombe. 

In 1914 Nakazawa published a paper in Japanese with a tabular summary in 
German in which he described five Schizosaccharomyces strains all isolated from cane 
sugar molasses on Formosa. He classified these five strains in three new species and 
two varieties. One of them, Schiz. hokkoensis was apparently different from the 
others. The spores were described as spherical, ellipsoidal or hemispherical. We had 
not the opportunity to study this strain. The other strains differed from each other 
only in the size of the cells and of the spores. They all form a ring on malt extract 
and one of them also some islets. Isogamous conjugation was observed. 4 ellipsoidal 
spores were formed. The following sugars were attacked: Glucose, galactose, 
saccharose, maltose and raffinose, but not lactose. 

STELLING—-DEKKER who studied authentic strains of two of NakAzawa’s yeasts, 
i.e. Schiz. formosensis and Schiz. formosensis var. akoensis identified these strains 
with Schiz. pombe. 

Later NAKAZAWA described two more new Schiz. species, i.e.: Schiz. pinan and 
Schiz. taito. Since this paper was in Japanese without a summary in another language 
we could get information on these yeasts only from the drawings. They showed no 
difference with drawings of Schiz. pombe. 

In 1924 OstERWALDER described a Schizosaccharomyces isolated from sulphurized 
grape juice. It differed from Schiz. pombe in that it strongly liquefied gelatin — he, 
therefore, named it Schiz. liquefaciens—and in a strong resistance against sul- 
phurous acid. Steitinc—DEKKER identified also this yeast with Schiz. pombe. 


LEPESCHKIN (1903) found in strains of Schiz. pombe and Schiz. mellacei mutants 
which formed a mycelium. 

SPIEGELMAN and LINDEGREN (1945) succeeded in adapting Schiz. pombe to 
galactose fermentation by inoculating 2 % glucose 8 % galactose mixtures with 
heavily sporulating cultures. The adaptation tests were performed using the Warburg 
manometric method under anaerobic conditions. The addition of glucose proved to 
be of essential importance. After the exhaustion of the glucose a further CO, 
production showed that cells had been adapted to galactose fermentation. This 
occurred after 2—12 days. It is rather surprising that non-sporulating cultures of 
Schiz. pombe failed to adapt themselves to galactose fermentation. Since these 
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cultures are predominantly haploid, conjugation as a rule immediately preceding 
ascus formation, their cells should be expected to have the same tendency to 
mutation as cells directly arisen from ascospores. 

It is regrettable that apparently no attempts to isolate the adapted strains and 
to test their galactose fermentation with other methods (Durham tubes, Einhorn 
tubes) have been made. 

Lreupotp (1950) made an extensive genetic study of Schiz. pombe. He used 
OSTERWALDER’s culture. He found it to be a mixture of two homothallic strains of 
different fertilities, two mating types of a heterothallic strain, and a sterile strain. 
Mutations causing changes from one type of a strain to another were frequently 
found for most of these strains. 


y Standard description of Schizosaccharomyces pombe 


Growth in malt extract: After 3 days at 25° C. cells are 
cylindrical with rounded ends, single or in pairs (Fig. 1). Vegetative 
reproduction by fission. The cells measure (3—5) x (6—16) mw, frequently 
also longer cells measuring up to 20 « or even to 30 w; occasionally round 
cells which measure 4—4,5 w. A sediment is formed and usually a small ring. 





Fic. 2 — Schiz. pombe 
Fic. 1 — Schiz. pombe Spores on malt agar (strain from 
After 3 days in malt extract cane sugar molasses from 1949) 


After one month at 17° ©. a sediment, often a distinct ring and 

occasionally some islets. 
1 

Growth on malt agar: After 3 days at 25° C. cells are cylin- 
drical with rounded ends, single or in pairs, measuring (3—5) x (5—14) u, 
occasionally longer cells up to 24 mw. Often round cells are also found 
ranging from 3,5—5 w. 

After one month at 17° C. the streak culture is glistening, occasionally 
dull-glistening, buff to light brown or greyish-brown, almost smooth but 
occasionally with longitudinal furrows, slightly raised, pasty, margin 
smooth. 
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Slide cultures: Often longer cells with three or four septa, but 
no mycelium. 

Sporulation?): Frequently an isogamous conjugation immedi- 
ately precedes ascus formation. 1—4, but usually 4 spores are formed 
(Fig. 2). The spores are oval to round. They germinate readily and give 
a positive starch test with iodine. 


Fermentation: Glucose + Maltose + 
Galactose — Lactose — 
Saccharose + Raffinose + 1/, 
Sugar assimilation: Glucose + Maltose + 
Galactose — or ? Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Absent. 


6 Discussion 


A comparative study of the sixteen strains learned that all mutually 
agree very well. Schizosaccharomyces pombe appears to be a clearly 
defined species. 


e Origin of the strains studied 


16 strains were studied. 

For five strains it was not possible to trace the source from which they were 
isolated. They came from BEIJERINCK (Delft), from the ‘“‘Kral”’ collection at Vienna 
in 1922, from the Laboratory of Technical Botany at Delft in 1922, all labeled 
Schiz. pombe, from CLAuUssEN (Denmark) in 1912 as Schiz. mellacei, from Smir 
(Holland) in 1923 as Schiz. asporus *). 

A second strain labeled Schiz. mellacei was isolated from molasses. 

The authentic strain of Schiz. liquefaciens came in 1924 from OSTERWALDER 
(Switzerland) and was isolated from sulphurized grape juice. 

Strains labeled Schiz. formosensis, Schiz. formosensis var. akoensis, Schiz. formosensis 
var. tapaniensis, Schiz. santawensis, Schiz. pinan, Schiz. taito were received partly 
in 1927 from the “C.L.M.R.” (Dairen, Manchuria), partly in 1934 from Nakazawa 
(Japan). The four first mentioned strains were isolated from cane sugar molasses 
from Formosa. The origin of NaKazawa’s two last strains is not known, 

A strain was isolated by Scarr (London) in 1949 from cane sugar; one strain 
was isolated in 1949 by Derx (Java) from cane sugar molasses and one strain, 
received in 1933, was said to be a distillery yeast. 


1) In 11 of the 16 strains sporulation was observed. Spores are easily formed 


on malt agar. 
2) This strain formed spores! 
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The strain received in 1922 from the ‘Kral’ collection at Vienna has 
been chosen as the type strain of this species. 


2. SCHIZOSACCHAROMYCES OCTOSPORUS BEIJERINCK 


6 Original description and historical survey 


BEIJERINCK isolated this yeast from Greek currants. In 1894 he gave the following 
description : 

In young cultures on malt gelatin: Most cells are splitting into two 
symmetric parts, a few cells are slightly irregular and single or still adhering to each 
other in pairs. That part of the cell wall which has adjoined the septum is thicker 
and provided with a kind of cap, probably the original septum. The cells measure 
(5—6) x Su. 

In malt extract: Cells often remain together in large groups and form flakes 
which finally assemble at the bottom. ; 

The asci are much larger than the vegetative cells and measure 12 x 20 wu. 
They are often provided with caps at both ends when they were formed in the 
middle of a cell group. 8 spores are formed per ascus. Spores are round, + 4—5 mu. 

Fermentation: Glucose and maltose only are fermented. 


In his first publication on Schiz. octosporus BEIJERINCK stated that no sexual 
act was observed in this yeast. SCHIGNNING (1895) who isolated this yeast from 
Italian currants described a conjugation. This was later confirmed by BErIsERINCK 
(1912). 

Many mutants were found by BrtyERINcCK (1897, 1912). Most of them were 
asporogenous forms. He could clearly distinguish the sporogenous colonies from the 
asporogenous ones, because the spores showed a positive starch test with iodine. 


y Standard description of Schizosaccharomyes octosporus 


Growth in malt extract: After 3 days at 25° C. cells are 
round or cylindrical, often adhering to each other in little groups (Fig. 3). 
Vegetative reproduction by fission. Round or almost round cells measure 
(4,5—9) x (4,5—11) yw, the longer cylindrical cells (4,5—7) x (9—18) wu. 
A sediment is formed. 

After one month at 17° C. only a sediment. 

Growth on malt agar: After 3 days at 25° C. cells are round 
or slightly cylindrical; little groups are formed. The cells measure 
(5—7,5) x (5—11) p. 

After one month at 17° C. the streak culture is dull, light brown, rather 
flat with a few longitudinal and many very fine cross furrows, pasty, 
margin sinuous. 


Slide cultures: Longer cells may be formed with more septa, 
but no mycelium. 
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Sporulation!): Isogamous conjugation precedes ascus formation. 
8 or less spores are formed (Fig. 4). The spores are round, the spore wall 
shows a positive starch test with iodine. 





Fic. 3 — Schiz. octosporus Fic. 4 — Schiz. octosporus 
After 3 days in malt extract Spores on malt agar after 6 days 
Fermentation: Glucose + Maltose + 
Galactose — Lactose — 
Saccharose —, Raffinose —, 
occasionally weak occasionally very weak 
Sugar assimilation: Glucose + Maltose + 
Galactose — Lactose — 
Saccharose — or 
very weak 


Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Absent. 


6 Discussion 


In the fermentation test we found an important deviation from 
BEIJERINCK’s description, viz. in the fermentation of saccharose. In one 
of the four strains studied we observed in the fermentation tests in 


1) 1 of the 4 strains studied formed spores. In this case spores were easily 


formed on malt agar. 
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Einhorn tubes an undeniable fermentation of saccharose. This strain 
grows much slower than the other strains. Since it was isolated from 
honey it may be adapted to higher sugar concentrations. In yeast extract 
with 2 % saccharose the fermentation was visible after 4 to 5 days, and 
after 9 days about half the tube was filled with gas. In a 4 % saccharose 
solution a fermentation could be observed after 3 days already, and 
after 6 days the tube was completely filled with gas. Also in the 
quantitative fermentation tubes according to VAN ITERSON—-KLUYVER 
in a 4% saccharose solution the fermentation was undeniable. This 
strain showed also a very weak fermentation of raffinose. 

In the three other strains no fermentation of saccharose in Einhorn 
tubes could be demonstrated, but in the quantitative fermentation tube 
a weak fermentation was observed. In the assimilation tests in liquid 
synthetic media according to WICKERHAM a very weak growth in the 
saccharose medium was observed for all the strains. 

These findings are not new. In 1934 Hormann stated that in his 
institute (“Kaiser Wilhelm Institut fiir Biochemie, Berlin—Dahlem’’) a 
strain of Schiz. octosporus was present which fermented besides maltose 
also saccharose. HOFMANN (1934, 1936) used in his tests also a strain 
from the Delft collection which showed no saccharose fermentation. 
Nevertheless he could demonstrate in this strain the presence of saccharase 
in dried yeast. 

Also in connection with HorMANnn’s observations we deem it inadvisable 
to separate the strain which shows a distinct saccharose fermentation 
from the others. 


é Origin of the strains studied 


4 strains were studied. 

One strain was received from the Laboratory of Technical Botany at Delft; 
there can scarcely be any doubt that this is one of BErIJERINCK’s original strains. 
The second strain is probably an asporogenous race of the first one. 

A third strain was received in 1933 from LOCHHEAD (Canada) and was isolated 
from honey from British Columbia. LocHHkap and FARRELL reported in 1931 on 
this case. This is the strain which ferments saccharose in the Einhorn tubes. 
LocHHEAD and FarReE.u had not observed this fermentation. 

The fourth strain came in 1936 from NEuBERG (Germany). HOFMANN (1934, 1936) 
used this strain in his enzymological studies. It is probably a subculture of the 
first mentioned strain, 


The strain received from the Laboratory of Technical Botany at Delft 
has been chosen as the type strain of this species. 
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3. SCHIZOSACCHAROMYCES VERSATILIS WICKERHAM ET DUPRAT 


a Synonyms 


? Schizosaccharomyces japonicus Yukawa et Maki (1931) 


6 Original description and historical survey 


This yeast was isolated from home-canned grape juice from Michigan. In 1945 
WICKERHAM and Duprat gave the following description: 

Growth in yeast extract broth: After 48 hours at room temperature the 
cells vary from spheroidal to cylindrical, ranging from 5,4 yu for the smaller spheroidal 
cells to 6,7—14 w for the larger cylindrical cells with an average of 5,1 x 10,2 yu. 
Cells are often in pairs connected near one extremity. Filaments are rarely present. 
Cells grow at the bottom of the liquid and there is no ring or pellicle. Rapid growth 
from 30—37° C. 

Growth on yeast extract agar: Colonies develop slowly. After 4—6 days 
they are smooth, glistening, circular and have a creamy consistency. Isolated 
colonies become surrounded with a fringe of hyphae which grow downward into 
the agar. The length of the cells varies from 10—600 or 800 yu, the longer cells 
occurring in hyphae. One nucleus per cell which may reach a diameter of 8—10 pu. 
The hyphae break apart readily, they are of varying diameters and branch rather 
infrequently. The large vegetative cells and hyphae do not give rise to asci. 

Sporulation: Isogamous conjugation is most frequently observed. Seldom 
conjugation tubes. 8 spores are produced. The ascus ruptures when the spores are 
still oval or ellipsoidal. The free ascospores when mature, are reniform, 2,5 x 5,5 u 
on the average. Occasionally ascospores were found with one or more hemispherical 
protuberances. Ascospores give a positive starch test with iodine, but the reaction 
is less intense than in Schiz. octosporus. 


Fermentation: Glucose + Maltose + 
Galactose — Lactose — 
Saccharose + Raffinose + 7% 


Potassium nitrate is not assimilated. 

An agglutinative form arose infrequently from the normal form. The colonies 
of the agglutinative form had a dull, dry and mat appearance. In liquid media the 
cells grew in strongly cohesive masses. 


In 1931 Yukawa and Maki described a Schizosaccharomyces isolated from koji 
extract, which they named Schiz. japonicus. Since the original publication was not 
available to us, we got our information from a summary of the Japanese paper 
given by GUILLIERMOND, which runs as follows: 
~ Cells are round or ellipsoidal. When spore formation starts they get a rectangular 
shape with rounded angles. Occasionally old cells are ameboid. The cells measure 
) x (7,5—20) w. Optimum temperature between 35 and 38°C. 


difficult on gypsum and GORODKOWA agar but very easy on 
Usually 8, 


(5,2 —9,5 

Sporulation was 
other media (malt- or koji extract agar or gelatin). Tsogamous conjugation. 
oceasionaliy 6 or 4 spores. Ascospores are oval, 3,5 X 7,5 uw. They give a negative 


starch test with iodine. 
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Fermentation: Glucose + Maltose + 
Galactose + Lactose — 
Saccharose + Raffinose + 


This species differed from the other Schiz. species in the negative starch test 
for the spore wall, from Schiz. octosporus in the fermentation of saccharose. 


y Standard description of Schizosaccharomyces versatilis 


Growth in malt extract: After 3 days at 25° C. cells are 
round, oval or cylindrical 
(Fig. 5). Occasionally filaments 
are present. Vegetative repro- 
duction by fission. Cells with 
septa are often found. Cells 
measure (5—8) X (5—20) wu. 
The filaments have a diameter 
from 5 to 6 uw. Little sediment 
is formed. 

After one month at 17° C. 
only a sediment. 

Growth on malt agar: 
After 3 days at 25° C. cells are 
round, oval or cylindrical. Fila- 
ments are nearly always present; in some strains they are abundantly 
formed. Septate cells are often present. The cells measure (4—7) x 
(6—32) w. Filaments have a diameter ranging from 4—6,5 yw. 

After one month at 17° C. the streak culture is glistening, greyish-brown, 
smooth or with some furrows, raised. The streak is surrounded by a 
mycelial growth. The mycelium has better developed in some strains 
than in others. It has a tendency to grow into the agar. 

Slide cultures: A true mycelium is always formed; it is septate 
and may be branched and it breaks up into arthrospores which are 
cylindrical or rounded (Fig. 6). Under anaerobic conditions mycelium 
formation is stimulated. 

Sporulation!): Conjugation precedes ascus formation. 8 or less 
spores are formed. The spores are short-oval, oval or reniform (Fig. 7). 
They readily germinate. Formation of starch cannot be demonstrated. 
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Fic. 5 — Schiz. versatilis 
After 3 days in malt extract 


Fermentation: Glucose + Maltose + 
Galactose — Lactose — 
Saccharose + Raffinose + 2/, 


') 2 of the 6 strains studied were sporogenous. 
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Fic. 6 — Schiz. versatilis 
Slide culture, potato agar 


Fie. 7 — Schiz. versatilis 


Spores on malt agar (strain Schiz. japonicus) 
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Sugar assimilation: Glucose + Maltose + 
Galactose — Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Absent. 


6 Discussion 


This species differs from the two other Schiz. species in the formation 
of a true mycelium which breaks up into arthrospores. This property 
approaches it to the genus Endomyces, especially to Endomyces magnusit. 

WICKERHAM and Dvrrart stated already that it represents a transitional 
stage between Schizosaccharomyces and Endomyces. As we have already 
explained under c there is, however, a fundamental difference between 
Schiz. versatilis and the genus Endomyces in the way the ascus is formed. 
Moreover, GUILLIERMOND (1909) found that there were many nuclei in 
the hyphal cells of Hnd. magnusii which observation was recently 
confirmed by WrnpIscuH (1951), whereas WICKERHAM and DupRat reported 
one nucleus for the hyphal cells of Schiz. versatilis. 

The standard description is in good agreement with the description 
given by WicKERHAM and Duprat. Only, we did not get a positive starch 
test with iodine for the spores. Since the two American authors reported 
that the starch-iodine reaction in this species is less intensive than in 
Schiz. octosporus, this difference is not so important. 

There is less agreement between the standard description and the 
original description of Schiz. japonicus by YuKAwa and Makrt, as 
summarized by GUILLIERMOND. The mycelium formation so characteristic 
for this species, and very abundant in the strain of Schiz. japonicus which 
we studied, was not mentioned. Moreover, galactose was reported to be 
fermented, what we could not corroborate. 

It is easily understood that on the basis of this description WIcKERHAM 
and Duprat did not conclude to an identity between Schiz. versatilis 
and Schiz. japonicus. Moreover, this identity is not certain, because we 
were not sure of the authenticity of our strain nor could we read the 
original description. Therefore, although japonicus is the older specific 
name of the two, the species cannot be designated with this name. We 
mentioned it as a synonym of Schiz. versatilis with a question mark. 


e Origin of the strains studied 


6 strains were studied. 
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Five strains were received in 1946 from WickEerHAm (U.S.A.). They represent 
the original form and forms derived from it as agglutinative forms and forms with 
an increased or reduced mycelium formation. The original form was isolated from 
home-canned grape juice in Michigan (U.S.A.). 


A strain labeled Schiz. japonicus came in 1934 from Nakazawa (Japan). No 
further details are available. 


Strain y 1026 E from WickERHAM has been chosen as the type strain. 


g- SUMMARY 


A diagnosis of the genus Schizosaccharomyces has been given. 

The 26 strains studied were classified into three species. 

Besides the Schizosaccharomyces species STELLING—DEKKER already 
identified with Schiz. pombe, three more species and one variety, 7.e.: 
Schiz. santawensis, Schiz. pinan, Schiz. taito and Schiz. formosensis var. 
tapaniensis were identified with Schiz. pombe. 

A strain of Schiz. japonicus was identified with Schiz. versatilis. 

A key to the species has been given. 

Schiz. pombe is the type species of this genus. 
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$3. SUBFAMILY SACCHAROMYCETOIDEAE 


For the diagnosis of this subfamily cf. p. 52. 


A discussion of the 9 genera belonging to this subfamily, classified 
in 3 tribes, follows. 


TRIBE ENDOMYCOPSEAE 
For the diagnosis of this tribe cf. p. 52. 


Genus 1. ENDOMYCOPSIS Dekker 
a. DIAGNOSIS OF THE GENUS 


Abundant development of true mycelium with blastospores, besides 
pseudomycelium and budding cells of various shape. 

The spores are hat-shaped, sickle-shaped, Saturn-shaped, round or oval. 

In liquid media often pellicle formation. Generally after a longer time 
of cultivation the culture has turned into one thick mass. 

Oxidative and weakly fermentative dissimilation. 


b. THE TYPE SPECIES OF THE GENUS 


The genus Endomycopsis was established in 1932 including eight species 
of which six have been accepted by us. Since up till now a type species 
1as not been designated, we have chosen out of these six species 
Endomycopsis capsularis (Schidnning) Dekker to be the type of the genus. 


>; HISTORICAL SURVEY OF THE GENERIC NAME 


Most species of this genus have been classified before in the genus 
Endomyces Reess. Renss founded this genus on the species Hndomyces 
lecipiens which forms a true mycelium only. His description given in 
1870 was rather vague. That may have been the cause that also species 
vith both true mycelium and budding yeast cells were brought into this 
senus. STELLING-DEKKER (1931) separated these species from the genus 
Endomyces and created the genus Endomycopsis for them. The difference 
etween the two genera lies in the vegetative reproduction: Endomyces 
xy fission only, Endomycopsis both by fission and by budding. 

SreLLiInc—-DEeKKeER gave the following diagnosis: 

In young malt extract cultures true mycelium with septate hyphae 
vhich occasionally may split up into oidia; also pseudomycelium, budding 
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conidia and yeast cells. Vegetative reproduction by multilateral budding 
and by fission. In malt extract often a pellicle; mostly after longer time 
a jelly-like mass. Asci arise on the branched hyphae or singly, after 
preceding conjugation or parthenogenetically. Spores hat-shaped, sickle- 
shaped or round-oval with a ledge. Assimilation of nitrate absent. With 
ethanol as sole source of carbon weak growth, no pellicle formation. 
Our present conception of the genus EHndomycopsis differs from the 
diagnosis given by STELLING—DEKKER in two respects. In the first place 
the occurrence of arthrospores is no longer acknowledged in the genus. 
The species Endomycopsis vernalis which shows this property has been 
removed from the genus and identified with T'richosporon pullulans (cf. 
p- 618). The second deviation is the assimilation of nitrate, which may be 
positive or negative. One species, Endomycopsis bispora, found to be 
negative in this respect by STELLING-DEKKER, appeared to be positive. 


d. SURVEY OF THE SPECIES ACCEPTED IN THE GENUS 


The genus Endomycopsis includes six species and one variety which 
follow in chronological sequence: 
1. Endomycopsis capsularis (Schiénning) Dekker 1903 
2. Endomycopsis fibuliger (Lindner) Dekker 1907 
Endomycopsis fibuliger (Lindner) Dekker var. monospora (Saito) 
nov. var. 
Endomycopsis javanensis (Klécker) Dekker 1909 
Endomycopsis mali (Lewis) Dekker 1910 
Endomycopsis bispora (Beck) Dekker 1922 
Endomycopsis selenospora (Nadson et Krassilnikov) Dekker 1928. 


oe opel cael 


e. KEY TO THE SPECIES OF THE GENUS ENDOMYCOPSIS 


la Assimilation of nitrate 


EK. bispora .. . Rhode ken Se pila ae Ee 
b No assimilation of naeate (2) 
2a No sugar fermentation (3) 
b Ferments glucose very weakly 

E. selenospora (3b) .. . . . tos “Be Ee 
ce Ferments glucose, saccharose and rntil be, all weakly 

ye eS a ed) A p. 101 


E. fibuliger var. monospora 
d Ferments glucose and maltose both weakly 
Lf, capatlarta goa 5! ths ean ae p. 98 
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3a Assimilation of glucose only; spores hat-shaped or Saturn- 
shaped 
eC OTIONAD, ata Wile se hee wae Sp. 107 " 


b_ Assimilation of glucose and galactose ; spores sickle-shaped 
Pena. (2) 5, ee PLP LL 


ce Sugar assimilation not known; spores somewhat elongate 
with thickened spots in the wall 
TOpOEEGS han on Me 2 SD ge 108 


f. SYSTEMATIC DISCUSSION OF THE VARIOUS SPECIES 
1. ENDOMYCOPSIS CAPSULARIS (SCHIONNING) DEKKER 


a Synonyms 


Saccharomycopsis capsularis Schiénning (1903) 
Endomyces capsularis (Schiénning) Guilliermond (1909) 
Williopsis capsularis (Schiénning) Zender (1925) 


6 Original description and historical survey 


ScHIGNNING (1903) isolated this yeast from soil in the Swiss Alps and named it 
Saccharomycopsis capsularis. He gave the following description: 

In malt extract: Budding cells of different shape: ellipsoidal, oval or elongate; 
also mycelial hyphae and longer cells. After some time a thick, irregular, dry, white, 
velvety pellicle is formed. The pellicle contains branched mycelium which may form 
buds, and yeast cells. 

The spores have the shape of a flattened globe, 3,5—8 mw diameter; mostly 
4 per ascus. They have a double membrane. The exosporium is composed of two 
valves, the adjacent parts of which form a ring. In germinating the exosporium 
forms two unequal parts which often adhere to the spore, 


Fermentation: Glucose + Maltose + 
Galactose + Lactose — 
Saccharose — 


ScHIONNING based the new genus Saccharomycopsis on the double membrane of 
the spores. The typical form of the exosporium in germinating induced him to call 
the species capsularis. 

GUILLIERMOND (1908) compared the cytology of Saccharomycopsis capsularis with 
Endomyces fibuliger and came to the conclusion that there was much agreement, 
the only difference being the number of membranes of the spores. He considered 
them both to belong to the genus Endomyces. 

In 1909 GuILLIERMOND named ScHIONNING’s species Endomyces capsularis. He 
found no conjugation. 


1) The sugar assimilation of this species is neither known from literature nor 
could it be tested by us, since the strain of our collection was no longer available. 
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ZENDER (1925) brought this species with Willia saturnus into his new genus 


Williopsis on account of the shape of the spores. 

STELLING—DEKKER (1931) studied a strain of this species obtained from the 
“O,L.M.R.”’ (Dairen, Manchuria). She brought it into the genus Endomycopsis. She 
found that only glucose and maltose were weakly fermented, and not galactose, 
saccharose and lactose. Nitrate was not assimilated. 


y Standard description of Endomycopsis capsularis 


Growth in malt extract: After 3 days at 25° C. cells are 
oval or elongate, (2,5—5) x (7,2—20) uw, some longer. Also mycelial cells 
_ (Fig. 8). Dull white islets on the surface. 





Fie. 8 — E. capsularis 
After 3 days in malt extract 


After one month at 17° C. a thin sediment and a thick dull wrinkled 
pellicle are present. 

Growth on malt agar: After 3 days at 25° C. cells are oval 
or elongate, (3,5—5) x (12—20) fH, also many mycelial hyphae. 
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The streak culture after one month at 17° C. is yellowish-brown with 


white dusty spots, tough, raised or delicately wrinkled, entirely or partly 
hairy. 





Fie. 9 — E. capsularis Fic. 10 — £#. capsularis 
Slide culture, potato agar Spores on carrot after 1 week 


Slide cultures: True branched mycelium is formed with blasto- 
spores which may be oval or elongate (Fig. 9). They are often produced 
at the ends of the hyphae. 

Sporulation!): The spores are round to oval, mostly 4 per ascus 
(Fig. 10). The asci are situated at the ends of the hyphae or intercalary. 

Fermentation: Glucose + (weak)  Maltose + (weak) 


Galactose — Lactose — 
Saccharose — 
Sugar assimilation: Glucose + Maltose + 
Galactose — Lactose — 
Saccharose — 


Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Growth. 
Splitting of arbutin: Weakly positive. 


1) Spores were observed in one of the two strains studied, viz. in SCHNEGG’s 
strain, on carrot. The double membrane mentioned by SCHIGNNING was not observed. 
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e Origin of the strains studied 


2 strains were studied. 
One of them had been obtained from ScHnEGG (Germany) in 1922. It had been 


possibly isolated by Baucu (Rostock). ey 
The second strain came from the ‘“‘C.L.M.R.”’ (Dairen, Manchuria) in 1927. 


The strain obtained from ScuNneGG has been chosen as the type strain 


of this species. 
2. HNDOMYCOPSIS FIBULIGER (LINDNER) DEKKER 


One variety belongs to this species: 
Endomycopsis fibuliger (Lindner) Dekker var. monospora (Saito) 


nov. var. 


a Synonyms of the species 


Endomyces fibuliger Lindner (1907) 

Saccharomycopsis fibuliger (Lindner) Klécker (1924) 

Endomyces lindneri Saito (1913) 

Saccharomycopsis lindneri (Saito) Klécker (1924) 

Endomycopsis fibuliger (Lindner) Dekker var. lindneri (Saito) Dekker (Stelling— 
Dekker 1931) ; 

Endomyces hordei Saito (1914) 

Saccharomycopsis hordei (Saito) Klécker (1924) 

Endomycopsis fibuliger (Lindner) Dekker var. hordei (Saito) Dekker (Stelling— 
Dekker 1931) 


aa Synonyms of the variety 


Endomycopsis monosporus Saito (1932) 


B Original description and historical survey of the species 


LINDNER described this species in 1907 and named it Endomyces fibuliger. He 
isolated the yeast from so-called ‘‘chalky bread”’. 

The following description was given: 

In malt extract: Branched septate mycelium. Sometimes an _ oidia-like 
splitting up of the mycelium, but not so distinct as in Oidiwm lactis. Also budding 
yeast cells are present. A membrane like wet wadding is formed. 

Sporulation: The asci may be formed after anastomoses, which phenomenon 
gave the name fibuliger (‘‘fibulae’’) to the species. They are situated at the ends of 
the hyphae or intercalary. The spores are hat-shaped, occasionally without a ledge ; 
mostly 4 per ascus, sometimes only 2. 

Fermentation: Glucose + Maltose — 

Saccharose + Lactose + (weak) 
Raffinose + (weak) 
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LINDNER regarded this species as a link between Willia and the true Hyphomycetes. 

DoMBROWSKI (1909) studied sporulation in EZ. fibuliger. He found that the spores 
germinated either with a germ tube or by budding. The spores have a double 
membrane. 

The asci arise intercalary or at the end of the hyphae. A fusion between two round 
yeast cells, a yeast cell and a mycelial cell and two mycelial cells may occur. No 
true oidia are observed. 

GUILLIERMOND (1908, 1909, 1910, 1913) made an extensive study of EZ. fibuliger 
and other Endomyces species. He pointed out the close relationship between 
Eremascus fertilis and Endomyces fibuliger. The latter has conidia. -The asci are 
formed parthenogenetically. There are only traces of a sexual reproduction: the 
anastomoses. No true conjugation takes place. 

KLé6cKER (1924) brought the species into the genus Saccharomycopsis which is 
characterized by two membranes on the spores. 

STELLING—DEKKER (1931) studied a strain obtained from LrinpNER. She could 
confirm LINDNER’s results with a slight deviation in the sugar fermentation, which 
she found to be as follows: 

Glucose + (weak) Maltose + (weak) 

Galactose — Lactose — 

Saccharose + (weak) 

WICKERHAM et al. (1944) studied 20 strains of EZ. fibuliger. Among them were 
14 freshly isolated strains from macaroni or from flour used in the preparation of 
macaroni. They observed that in the freshly isolated strains yeast cells predominate, 
whereas in the strains which had been cultivated for a long time mycelium prevails. 
They further demonstrated the production of extra-cellular amylase in this species. 


Some other names in the list of synonyms will now be briefly discussed. 

Sarro described two new species: Endumyces lindneri in 1913 and Endomyces 
hordei in 1914. Both had been isolated from so called Chinese yeast. 

E. lindneri differed from E. fibuliger in that it did not ferment maltose and dextrin. 

E. hordei had bigger asci and ascospores than FE. lindneri and showed no 


anastomoses. 
STELLING-DEKKER (1931) found the fermentation of maltose in an original 


strain of E. lindneri to be positive. She considered the differences between EL. lindneri, 
E. hordei and E. fibuliger too small to maintain them as separate species and regarded 
them as varieties of FZ. fibuliger. 


68 Historical survey and original description of the variety 


In 1932 Sarro described a new species: Endomycopsis monosporus. It had been 
isolated from fermenting exudation of a coconut palm. Since the description is in 


Japanese we cannot reproduce it here. 


» Standard description of Endomycopsis fibuliger 


Growth in malt extract: After 3 days at 25° C. budding 
15) u and septate branched 





yeast cells oval to elongate, (4,2—6,6) x (6 
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mycelial hyphae may be present. Occasionally only mycelium (Fig. 11). 


Floating clots. . | 
After one month at 17° C. a sediment, a thick ring and a yellowish- 
white, wet, lumpy pellicle which may fill up the whole liquid. 





Fie. 11 — E. fibuliger 
After 3 days in malt extract 


Growth on malt agar: After 3 days at 25° C. the same as 
in malt extract. Generally more mycelium and fewer yeast cells. 

After one month at 17° C. the streak culture is yellowish-brown with a 
white hairy down on the entire surface or on part of it, raised, tough, 
more or less wrinkled. 

Slide cultures: True branched mycelium with septa is formed. 
Round to oval blastospores at the ends of the hyphae and along the 
threads. They are often arranged in clusters (Fig. 12) 
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Fic. 12 — E£. fibuliger 
Slide culture, potato agar 


Sporulation!): The spores are hat-shaped; mostly 4 per ascus 
(Fig. 13). 


Fermentation: Glucose + (weak) Maltose + (weak) 
Galactose — Lactose — 
Saccharose + (weak) —Raffinose + 1/, or less 
Sugar assimilation: Glucose + Maltose + 
Galactose — Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Absent. 
1) In 8 of the 11 strains of species and variety spores were observed. Sterile 


water appeared to be a suitable medium for spore production. The double membrane 
of the spores, mentioned by DomBrowskI, was not observed. 
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Ethanol as sole source of carbon: Growth. 
Splitting of arbutin: Variable. 


yy Supplementary description of Hndomycopsis fibuliger var. 
Monospora 


Slide cultures: Branched true mycelium is formed. Many 
chiefly round blastospores mostly arranged in clusters (Fig. 14). 





Fie. 13 — Z£. fibuliger 
Spores in sterile water after 3 weeks 
(strain Struyk) 





- nt ie fal 
Fie. 15 — EF. fibuliger var. monospora 


: Fie. 14 — E. fibuliger var. monospora 
Spores on GoRoDKOWA agar 


Slide culture, potato agar 
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Sporulation: The spores are hat-shaped; always 1 spore per 
ascus (Fig. 15). 
Fermentation: Raffinose — 


6 Discussion 


Since we consider the differences between the varieties lindneri and 
hordet and the species Endomycopsis fibuliger too slight, they have been 
abolished as such and identified with the species. 

The species EH. monosporus has been considered as a variety of 
E. fibuliger. Since the original description by Sarro was written in 
Japanese we could check our results only from the pictures. There was 
conformity between the pictures and the appearance of our strain which 
came from the “Inst. Brew. Tech. Coll. of Hiroshima’’. The morphological 
and physiological properties of this strain chiefly agreed with LZ. fibuliger 
but for some small differences. EZ. monosporus always has 1 spore per 
ascus; the blastospores are mostly round. In £. fibuliger there are mostly 
4 spores per ascus, the blastospores are more oval. Besides LZ. monosporus 
does not ferment nor assimilate raffinose in contradistinction to the 
strains of 2. fibuliger in which the fermentation may be weak, but in 
which the assimilation was always found to be positive. 


e Origin of the strains of the species 


10 strains were studied. 

The strain of E. fibuliger came from LINDNER (Germany) in 1912. LINDNER 
isolated this species from ‘“‘chalky bread’’, 

A second strain labeled Z. fibuliger was obtained from ZENDER (Switzerland) 
in 1928. 

The strain E. fibuliger var. lindneri was received from Salto (Japan) in 1913. 
It had been isolated from Chinese yeast used for the production of ‘Hoang chui”. 

A second strain labeled E. lindneri was obtained from ZENDER in 1928. 

A third strain labeled EF. fibuliger var. lindneri had been isolated in 1931 by 
SrruykK (Holland) from compressed yeast. 

A strain named EF. hordei came from ZENDER in 1928. 

Two strains labeled E. hordei were obtained from the ““C.L.M.R.” (Dairen, 
Manchuria) in 1929. 

Of the two remaining strains one had been isolated by BrerKHout (Holland) 
and was obtained in 1928, the other was sent in 1947 by NEGRONI (Buenos Aires), 


mislabeled E. mali. 
The strain of Z. fibuliger obtained from LINDNER in 1912 has been 


chosen as the type strain of this species. 
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ce Origin of the strains of the variety 


1 strain was studied. 
It is the original strain of Endomycopsis monosporus received from the “Inst. 


Brew. Tech. Coll. of Hiroshima” (Japan) in 1935. It had been isolated from exudation 
of a coconut palm. 


3. ENDOMYCOPSIS JAVANENSIS (KLOCKER) DEKKER 


a Synonyms 


Endomyces javanensis Klécker (1909) 
Schwanniomyces javanensis (Klécker) Zender (1925) 


6 Original description and historical survey 


K1i6cKER (1909) isolated this yeast from soil in Java. He named it Hndomyces 
javanensis and gave the following description : 

Growth in malt extract: Most cells 
are lemon-shaped, 7—9 yw long. Besides 
ellipsoidal and elongate cells and septate 
hyphae. In old cultures a heavy ring, 
which may grow out towards the middle | 
of the bottle; it drops easily. Oidia were f , 
observed in RANVIER’s chamber. 

Sporulation: The spores are ellipsoidal 
or of aslightly flattened globular shape with 
a ledge in the middle or somewhat on one 
side, The spore wall has more or less clearly 
visible warts. There is one membrane. The 
spores measure (2—3) x 3—4,5) w. They 
arise both in the mycelium and in the loose 
cells; 1-2 per ascus. Germination by budding 
or by a germ tube. 

Fermentation: Glucose — 

Saccharose is not inverted. 

ZENDER (1925) found great conformity 
between this species and Schwanniomyces 
occidentalis Klécker in the shape of the 
spores. The latter species has no mycelium. 
ZENDER emended the conception of the 
genus Schwanniomyces for species both 
with and without mycelium and brought 
E. javanensis into it. 





Fic. 16 — E. javanensis 
After 3 days in malt extract 


STELLING-DEKKER (1931) studied a strain of this species obtained from 
a ye , ae 
GUILLIERMOND which had been probably isolated by Kiécxer. Her results are in 
agreement with KiécKkER’s description. She brought the species into the genus 
Endomycopsis. 
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y Standard description of HEndomycopsis javanensis 


Growth in malt extract: After 3 days at 25° C. cells are 
elongate, some are lemon-shaped, (2—3,5) x (11—16,5) uw. Mycelial hyphae 
may be present (Fig. 16). Parts of a ring are formed. 

After one month at 17° C. a flocky sediment is present. 





/ 


Fic. 17 — E. javanensis 
1000 x 
Slide culture, potato agar 


Growth on malt agar: After 3 days at 25° C. cells are sausage- 
shaped to elongate, diameter 1,5—3,5 pu. Mycelial hyphae. : 
The streak culture after one month at 17° C. is yellowish-brown, soit, 


dull, flat, finely wrinkled. . 
Slide cultures: Branched mycelium with septa. Many 


hyphae. No budding cells (Fig. 17). 


loose 
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Sporulation?): The spores are hat-shaped or Saturn-shaped. The 


wall is warty. 1—2 spores per ascus (Fig. 17). 
Fermentation: Absent. 


Sugar assimilation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 


Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Growth. 
Splitting of arbutin: Absent. 


e Origin of the strains studied 

1 strain was studied. 

It was obtained from GUILLIERMOND (Paris) in 1911. Probably it has been isolated 
by KiL6cKER. 


4. ENDOMYCOPSIS MALI (LEWIS) DEKKER 


a Synonyms 
Endomyces mali Lewis (1910) 


6 Original description and historical survey 


Lewis (1910) isolated this yeast from a decaying apple. He named it Endomyces 
mali and gave the following description: 

Branched septate mycelium. Conidia averaging 3 x 8 mw formed on_ short 
conidiophores or on the ends of short germ tubes; no typical yeast-like budding. 
On liquid media a pellicle is formed. 

Sporulation: The spores are almost spherical, but slightly elongate, 4,5 x 5,5 mu, 
with thickened places on the wall; they are brown when mature. The asci are usually 
formed on short side branches of the mycelium without fusion of cells or nuclei. 

Fermentation: Glucose — Lactose — 

Saccharose — 

STELLING—DEKKER (1931) studied a strain of this species obtained from Lewis. 
Since this strain has died we could not examine it. 

The standard description will be given based on STeELLING-DEKKER’s description. 


y Standard description of Endomycopsis mali 


Growth in malt extract: After 3 days at 25° C. branched 
mycelium and loose budding cells are present. The cells of the pellicle 
are oval or elongate and branched, (3—5) x (6—10) mw or (3 5) Xx 
(10—30) ~; the mycelium has a diameter of 2—4 wv. A dull, grey, smooth 


pellicle and in the liquid a jelly-like mass. 








) In the strain studied spores were observed on potato agar and on the V8 
medium, 
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Growth on malt agar: After 3 days at 25° C. loose budding 
cells and mycelial cells; cells are oval or elongate, (1,5—4) x (4—12) yu 
or (3—5) x (18—35) pu. 

The streak culture after 75 days at 15° C. is greyish-yellow, tough, 
dull-shining, net-like wrinkled. 

Sporulation: The spores are somewhat elongate with thickened 
spots on the wall. 

Fermentation: Absent. 

Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: Poor growth. 


e Origin of the strains studied 


No strain of this species was available for examination. 
One strain mislabeled EH. mali obtained from NrGront (Buenos Aires) in 1947 
appeared to be identical with EH. fibuliger. 


5. HNDOMYCOPSIS BISPORA (BECK) DEKKER 


a Synonyms 


Endomyces bisporus Beck (1922) 
Hansenula beckiti Wickerham (1951) 


6 Original description and historical survey 
Breck (1922) isolated this yeast from the bark of a spruce-fir. She named it 
Endomyces bisporus and gave the following description: 

Septate mycelium, diameter 3 y, length 60—90 yw. On the septa yeast-like cells, 
(3—4) x (3—7) uw, in globular clusters. Also yeast cells in the middle of the 
mycelial hyphae. 

Bottom growth, no formation of a pellicle. 

Spores hat-shaped with a ledge, (2—3) x (4—5) mw. Always 2 per ascus. Only 
yeast cells are changed into asci. 

STELLING—DEKKER (1931) studied a strain obtained from BEcK 
the original description and found the following physiological properties : 

Fermentation: Absent. 

Assimilation of potassium nitrate: Absent. 

She did not observe sporulation. 

WickerHamM (1951), on the contrary, found that this yeast does assimilate 
potassium nitrate. He, therefore, included it in the genus Hansenula as H. beckii. 


. She agreed with 


» Standard description of Hndomycopsis bispora 

Growth in malt extract: After 3 days at 25° C. cells are 
oval, (4—5,3) x (6,5—10,2) mw, or elongate. Many hyphae (Fig. 18). 

After one month at 17°C. a sediment, a broken ring and a slimy pellicle 


are present. 
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Growth on malt agar: After 3 days at 25° C. cells are oval, 
(4,3—6,8) xX (7—10) mw, or elongate. Mycelial ayn 

After one month at 17° C. : 
the streak culture is yellowish- 
white, tough, rather flat, deli- 
cately wrinkled over the 
entire surface. 


Slide cultures: True 
mycelium with many blas- 
tospores is formed. The blas- 

‘ tospores are round to oval 
(Wig, 19). 

Sporulation?): Ac- 
cording to Breck the spores 
are hat-shaped, 2 per ascus. 


Fermentation: Absent. 


Sugar assimilation: 
Glucose + Maltose + 
Galactose — Lactose — 
Saccharose + 


Assimilation iof 
potassium nitrate: 
Positive. 


Ethanol as sole 


source of carbon: Fie. 18 — E. bispora 
Growth After 3 days in malt extract 





Splitting of arbutin: Positive. 


6 Discussion 


The results of our examination are in good agreement with BrcK’s and 
STELLING—DEKKER’s descriptions but for the assimilation of nitrate. Like 
WICKERHAM we found that this yeast does assimilate nitrate. With the 
auxanographic test we had clearly positive results, although we studied 
the same authentic strain as STELLING—DEKKER did. 

However, we cannot agree with WICKERHAM’s classification of this 
yeast in the genus Hansenula. Because of the abundant production of 
true mycelium it belongs, according to us, to the genus Endomycopsis. 


1) In the strain studied no spores were observed. 
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€ Origin of the strains studied 








Fie. 19 — £. bispora 
Slide culture, potato agar 


6. HNDOMYCOPSIS SELENOSPORA (NADSON ET 
KRASSILNIKOV) DEKKER 


a Synonyms 
Guilliermondella selenospora Nadson et Krassilnikov (1928) 


f/ Original description and historical survey 

Napson and KRASSILNIKOV (1928) isolated this yeast from the exudation of oaks 
n Kalouga (U.S.8S.R.). They gave the following description: 

In malt extract: A sediment of yeast cells; no ring or pellicle. 
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On malt agar: Well-developed many-celled mycelium, thin (1 —2,5 yu diam.), 
branched. Cells of different length. On the mycelium many ‘“‘yeast-conidia’’, oval, 
ellipsoidal or cylindrical, (3—5) x (5—10) «. Reproduction by budding or direct 
mycelium formation. x 

Sporulation: The asci are formed on the mycelium, seldom intercalary. 
Formation parthenogenetically or after isogamous conjugation. 4 sickle-shaped 
spores per ascus. They measure (1,5—2) x (2,5—5) uw. They probably have a double 
membrane. 

Fermentation: Absent. 

STELLING—DEKKER (1931) studied a 
strain of this species obtained from 
GUILLIERMOND. It showed good agreement 
with the original description. 

STELLING—DEKKER pointed out that 
the genus Guilliermondella only differed “J: 
from Endomycopsis in the shape of the ; 
spores. Since she found this characteristic 
insufficient for differerttiating genera she 
abolished the genus Guilliermondella and 
brought the species selenospora into the 
genus Endomycopsis. 

Napson and KRaSSILNIKOV made 
further investigations in 1932 and main- 
tained the genus Gwilliermondella besides 
Endomycopsis, based on the conjugation 
preceding ascus formation and the typical 
shape of the spores. 


y Standard description of 
Endomycopsis 
selenospora 


Growth in malt extract: 
After 3 days at 25° C. cells are oval 
to elongate, (2—4,5) x (7—12) (ve 
Many hyphae (Fig. 20). Some loose 
colonies in a ring. 

After one month at 17° C. a flocky sediment and a broken ring are 
present. 

Growth on malt agar: After 3 days at 25° C. mostly hyphae 
with a diameter of 1,5—3 Mh 

The streak culture after one month at 17°C. is yellow-brown, smooth, 
tough, raised and wrinkled. 


its 
Slide cultures: Branched septate mycelium 4) (Fig. 21), 





Fic. 20 — E. selenospora 
After 3 days in malt extract 


1 vies ews 
) In the strain studied no blastospores were observed, 





E. selenospora 
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Sporulation!): The spores are sickle-shaped; 4 per ascus (Fig. 21). 
Fermentation: Only glucose is weakly fermented. 


Sugar assimilation: Glucose + Maltose — 
“ Galactose + Lactose — 
Saccharose — 





oS 
Se 
aA 


Fic. 21 — E. selenospora 
1000 x 
Slide culture, potato agar 





Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 


Splitting of arbutin: Absent. 
1) Spores were observed in the strain studied on potato agar. 
8 


E. selenospora 
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6 Discussion 


The results of our examination are in agreement with the original 
description. We only found the fermentation of glucose to be weakly 
positive. 

Following SteELLING-DEKKER we consider this species to belong to the 
genus Endomycopsis and do not recognize a separate genus Guillier- 
mondella. 


e Origin of the strains studied 


Only 1 strain was studied. 
It was obtained from GuILLIERMOND (Paris) in 1930. The origin is not known. 


g. SUMMARY 


A diagnosis of the genus Endomycopsis has been given. 

The 16 strains studied were classified in five species and one variety. 
No strain was available of the sixth species: E. malv. 

These six species had already been included in this genus by STELLING— 
DEKKER. 

The species Endomycopsis monosporus described by SartTo was con- 
sidered to be a variety of EH. fibuliger. 

The species Endomycopsis vernalis (Ludwig) Dekker has not been 
maintained in this genus since it seems doubtful whether ascospores were 
ever observed. It showed arthrospore formation in contradistinction to 
other Endomycopsis species. It is considered identical with Trichosporon 
pullulans (cf. p. 618). 

Also the species Endomycopsis albicans (Vuillemin) Dekker has no 
longer been maintained in the genus Endomycopsis. It is considered 
synonymous with Candida albicans (cf. p. 471). 

The varieties H. fibuliger var. lindneri and var. hordei have been 
identified with the species ZL. fibuliger. 

A key to the species has been given. 

E. capsularis has been chosen as the type species of the genus. 
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Tribe SACCHAROMYCETEAE 
For the diagnosis of this tribe cf. p. 54 


Genus 2. SACCHAROMYCES (Meyen) Reess 


a. DIAGNOSIS OF THE GENUS 


Cells of various shape, round, oval, elongate or thread-like. Vegetative 
‘ reproduction by multilateral budding. Pseudomycelium may be formed. 

Isogamous or heterogamous conjugation may or may not precede ascus 
formation. Protuberances resembling conjugation tubes may be formed. 
The spores are usually round or oval, seldom hat-shaped, angular or 
reniform. Commonly one to four spores per ascus; spore conjugation 
may occur. 

In liquid media bottom growth, often ring formation and surface 
growth after a longer time. The pellicle, if present, is not of the dry, 
dull and creeping type (““Kahmhaut’’). 

Vigorous fermentation of glucose, usually also of other sugars. Nitrate 
not assimilated. 


b. THE TYPE SPECIES OF THE GENUS 


According to art. 18 of the Intern. Rules of Botan. Nomenclature 
Saccharomyces cerevisiae Hansen is the type species of this genus. 


c. HISTORICAL SURVEY OF THE GENERIC NAME 


CaGNARD—LaTouR and ScHwann discovered almost at the same time 
in 1836 and in 1837 that wine- and beer fermentations were connected 
with the development of a special fungus. Scawann (1837) named this 
organism “‘Zuckerpilz’. He discovered its multiplication by budding. 
MryYen (1838) who could confirm ScHwann’s observations named the 
organism which caused the beer fermentation Saccharomyces cerevisiae 4 


‘) Although the specific epithet cerevisiae is undoubtedly the most well-known 
one in the yeast domain, its origin is not so generally known. By the earlier authors 
(e.g. DESMAzIERES 1825) the name cervisiae instead of cerevisiae is found. Cervisiae 
is the genetive of cervisia which is the Latin word for beer. It originally is a Celtic 
word, probably introduced into the Latin language by Pirnius (Naturalis Historia) 
A casual resemblance between the words ‘cervisia” and “Ceres” 


— goddess of 
agriculture, also used for cereals — may have induced the alteration from cervisiae 
into cerevisiae. 
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Besides he distinguished Sacch. vini and Sacch. pomorum, respectively 
responsible for the fermentation of grape- and of apple juice. 

ReEEss (1870) limited the genus Saccharomyces to the budding sporo- 
genous yeasts not forming a true mycelium, which he recognized as 
Ascomycetes. In those days all the sporogenous—and often also asporo- 
genous — budding yeasts were described as Saccharomyces species. Later 
clear differences were found between the various yeasts and other genera 
were established. So Hansen (1904) did separate several species from 
the genus Saccharomyces for which he created new genera, viz. Pichia, 
Willia, Saccharomycodes. This caused a further limitation of the genus 
Saccharomyces. So did GUILLIERMOND (1928) come to the following 
diagnosis: 

Yeasts which form in malt extract a sediment; a ring and a pellicle, 
if produced, appear after a longer time (2—8 months). Generally vigorous 
fermentation, seldom no fermentation. The giant colony is usually 
glistening and moist. Frequently the ascus wall does not rupture before 
the spores germinate. A varying number of ascospores is present in the 
ascus. The ascospores germinate by budding, occasionally they conjugate 
in pairs. Cells of varying shape: round, ovoid, oval, ellipsoidal or elongate. 


Closely related to the genus Saccharomyces is the genus Zygosaccharomyces 
created in 1901 by Barker. According to the author this genus is fully 
identical with Saccharomyces with the exception that a conjugation 
precedes ascus formation. 

GUILLIERMOND (1928) defined the genus Zygosaccharomyces as follows: 

Yeasts with cells of varying shape. The ascus formation is preceded 
by a conjugation which is either isogamous or heterogamous or inter- 
mediate between the two. 1—4 ascospores which are usually round, with 
a smooth wall, occasionally hemispherical or hat-shaped. 

Kiécker (1924) brought the two genera together as subgenera into 
one genus Saccharomyces. 

STELLING-DEKKER (1931) emphasized the fact that in many species 
of the genus Zygosaccharomyces conjugation before ascus formation only 
occurred for a part of the asci, and could even be fully lacking. She, 
therefore, also united the genera Saccharomyces and Zygosaccharomyces 
as subgenera into one genus Saccharomyces which she defined as follows: 

Cells in young malt extract cultures round, oval or elongate, often in 
small chains. Vegetative reproduction by multilateral budding. In malt 
extract a sediment, often a ring and occasionally after a longer time a 
pellicle. Asci are formed after preceding conjugation or partheno- 


118 FAMILY ENDOMYCETACEAE [(Cu. V, §3 


genetically. Spores round, oval or seldom reniform with a smooth wall; 
1—4 spores per ascus. Occasionally conjugation of the spores before 
germination. Glucose (fructose, mannose) is always fermented, usually 
also other sugars. Nitrate is not assimilated. With ethanol as growth 
substrate slight to rather fair growth, but never formation of a pellicle. 

In the subgenus Saccharomyces no conjugation occurs before the ascus 
formation. In the subgenus Zygosaccharomyces part of the asci are formed 
after preceding isogamous or heterogamous conjugation. 

Since Srettinc—DEKKER’s publication much work has been done on 
the genetics of yeasts which has led to a better insight in the spore- and 
‘ cell conjugation. As has been discussed in the chapters III and IV 
especially the investigations of Winer and LinDEGREN and their collabo- 
rators made clear that no sharp ‘distinction can be made between 
Saccharomyces and Zygosaccharomyces. We, therefore, no longer recognize 
a separation into the subgenera and we only accept the genus Saccha- 
romyces. 


Another closely related genus was created by LINDNER (1904), 7.e. 
Torulaspora. As has also been discussed in chapter IV there neither is 
a distinct difference between Torulaspora, Zygosaccharomyces and Saccha- 
romyces. We, therefore, abolished the genus T'orulaspora and included the 
species brought to this genus in the genus Saccharomyces. 

However, we should like to point out the remarkable fact that in the 
species of the former genus T’orulaspora as well as in some species of the 
former genus Zygosaccharomyces spores are formed in round, non- 
conjugating cells which show a very close resemblance to haploid cells. 
WINGE (1935, 1944) and Wines and LaustsEn (1937, 1939) fully rejected 
the idea that haploid cells should be able to form spores, but LInDEGREN 
(1944, 1945), LINDEGREN and LInDEGREN (1944) and recently Fowriy 
(1951) mentioned that, though sparsely, haploid cells may sporulate. The 
spores are usually degenerate. A study of one of the species in question 
may throw some light on this problem. 


d. SURVEY OF THE SPECIES ACCEPTED IN THE GENUS 


The genus Saccharomyces includes 30 species with 3 varieties which 
follow in chronological sequence: 
1. Saccharomyces cerevisiae Hansen 1883 
, ae die 
Saccharomyces cerevisiae Hansen var. ellipsoideus (Hansen) 
Dekker 1931 
2. Saccharomyces pastorianus Hansen 1883 
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roux Boutroux 1883 

rouxit Boutroux var. polymorphus (Kroemer et 
Krumbholz) nov. var. 

exiguus Hansen 1888 

marxianus Hansen 1888 

bailii Lindner 1895 

logos v. Laer et Denamur 1895 

bayanus Saccardo 1895 

willianus Saccardo 1895 

uvarum Beierinck 1898 

delbrueckii Lindner 1901 

delbrueckii Lindner var. mongolicus (Saito) nov. var. 

carlsbergensis Hansen 1908 

fragilis Jorgensen 1909 

lactis Dombrowski 1910 

rosei (Guilliermond) nov. comb. 1913 

chevaliert Guilliermond 1914 

bisporus Naganishi 1917 

pastort (Guilliermond) nov. comb. 1919 

fermentati (Saito) nov. comb. 1923 

heterogenicus Osterwalder 1924 

microellipsodes Osterwalder 1924 

oviformis Osterwalder 1924 

mellis (Fabian et Quinet) nov. comb. 1928 

italicus Castelli 1938 

florentinus (Castelli) nov. comb. 1938 

acidifaciens (Nickerson) nov. comb. 1943 

steiner’ nov. spec. 

fructuum nov. spec. 

elegans nov. spec. 

veronae nov. spec. 


e. KEY TO THE SPECIES OF THE GENUS SACCHAROMYCES 


la Fermentation of glucose only 
b Fermentation of glucose and galactose 


Sacch. delbrueckt ... . oe. ¢ ee ee LTS 
Sacch. delbrueckit var. bondcion 

Fermentation of glucose and maltose 
Sacch, rouxi-... . Mee i ges. Px LEB 
Sacch. rouxii var. pop brehue 
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Fermentation of glucose, galactose and maltose; saccha- 
rose is very weakly or not fermented 

Sacch. italicus. . . . > rage Seok 
Fermentation of glucose, snccternns Dart raffinose 1, 
Fermentation of glucose, galactose, saccharose and 
raffinose 14 
Fermentation of glucose, galactose, saccharose and 
raffinose completely 

Sacch. microellipsodes ... . . . . p. 204 
Fermentation of glucose, saccharose antl moines raffinose 
is not fermented 

Sacch. heterogenicus .. . Wes S Pe Peeks 
Fermentation of glucose, iGelauroas! misltoee and raffinose 
14; galactose is not assimilated 
Fermentation of glucose, saccharose, maltose (weak) and 
raffinose 1; galactose is assimilated 

sacch. veronae (66)... 7 0. Gee eee See 
Fermentation of glucose, saccharose, maltose and 
raffinose 2% 

Sacch. pastorianus. .......... p. 41 


Fermentation of glucose, galactose, pacohenees and | 


maltose; raffinose is not fermented 

Sacch. steineri. . . . ~ en Prats 
Fermentation of glucose, palineore 24) ‘saocha heel maltose 
and raffinose 14 
Fermentation of glucose, galactose, saccharose, maltose 
and raffinose completely 
Fermentation of glucose, galactose, saccharose, lactose 
and raffinose 14 


Spores hat-shaped or angular 
Sacch. pastor, . <3 ts le wo ee ee 
Spores round or oval 


Cells small, measuring in malt extract (2,5—5) x (3,5—7) wu 
Cells much bigger, measuring in malt extract 
(83—7) x (5,5—15) u 


Growth rather slow, thin, filiform on malt agar 
Sacch. melts mere" roto. 4. p. 208 


Occasionally not fermented, always assimilated, 


(10) 
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b 


5a 


6a 


fp 


8a 


9a 


10a 


Rapid growth, glistening, flat and smooth on malt agar 
DaCCh. Hermosa. py 196 


Cells on malt agar cultures adhering to each other in 
chains; growth curled 

Sacch, bait... . meee 2 ge: 5160 
Cells on malt agar cultures aieiegs or in pairs; growth 
smooth 

Sacch. acidifactiens. .......... p. 216 


Assimilation of glucose and saccharose; cells round 
Sacch. rosett) . . . erate Poise 
Assimilation of glucose, allante ti Procharey cells oval 
Assimilation of glucose, galactose, saccharose and maltose; 
cells round 
Boca verongea( lie ame 2 aE te ap 222 


Cells in malt extract oval, (3—6) x (48) mw. Saccharose 
rapidly fermented, raffinose 1 
wacch. chevaliert (9b).%. . 2 =. -.~ « - p. 193 
Cells in malt extract oval to long-oval, (4—5) * (7—13) wu. 
Saccharose slowly fermented, raffinose weakly fermented 
HEC CDV Se ep ae ted nan ee a 6 es (Ps aaa 


Assimilation of glucose, galactose and saccharose; spores 
round 
Assimilation of glucose, galactose, saccharose and maltose ; 
spores round 

Sacch. fructuum. .. . +, Py 220 
Assimilation of glucose, Palnciose: Bicrirons and lactose, 
the assimilation of lactose is often weak; spores reniform 
or oval 

BECeh WUT ONUs. So ee Ss ee Pp 156 


Cells small, (2,5—4,5) x (3,5—7) mu 





Sacch. exiguus. Penta. p. 153 
Cells bigger, (2,5—6) x (4—10) mu 

Satth. chevaliert (7a). .......-.. p..193 
Cells almost round, (3—7) X (3—8) mu 

Saceh. fermentatt ... 4% » %. ++. p. 20! 


‘f. also note on p. 191. 


(7) 


Sacch. cerevisiae 
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Cells round to oval, (3,5—7,5) x (5—10) u 
Sacch. oviformia’.. 2 ~ Se p. 206 
Cells oval to elongate, (3—6) x (5—14) yu 
Sacch. bayanus p. 163 


Cells in young malt extract and malt agar cultures round to 
long-oval; ratio between length and width 1—2 
Sacch.. cerevisiae . s.. 9%. = 
Sacch. cerevisiae var. ellipsoideus 
Cells in young malt extract and malt agar cultures oval 
to elongate; ratio between length and width more than 2 
Sacch. willianus . p. 167 


p. 131 


Cells in young malt extract cultures, small, round, 
(3,4—5,2) x (47) w; a typical pseudomycelium with 
round blastospores is formed 

Sacch. florentinus ..... 44. . p. 213 
Cells in young malt extract cultures round to oval, much 
bigger; no pseudomycelium or an uncharacteristic one 

Sacch. carlsbergensis. ..... . p. 179 
Cells in young malt extract cultures oval to elongate 


Cells in young malt extract cultures very big, 
(4,3—7,3) x (8—22) 

dcr. LOGS. ae i ee p. 161 
Cells in young malt extract cultures more slender, 
(2,5—6,5) x (5—15—18) 


Sacch, UVATUi 2h oe 
Maltose is assimilated 

Sacch.. lactis... ca 60%.” 6) x. Fe dea 
Maltose is not assimilated 

Sacch. fraguas s00. s st .0css) os pee | 


f. SYSTEMATIC DISCUSSION OF THE VARIOUS SPECIES 


1. SACCHAROMYCES CEREVISIAE HANSEN 


To this species belongs one variety: 
Saccharomyces cerevisiae Hansen var. ellipsoideus (Hansen) Dekker. 


a Synonyms of the species 


(13) 


It is often difficult to conclude merely from a description whether a species is 
identical with Sacch. cerevisiae or not. Therefore we have chiefly confined ourselves 


Sacch. cerevisiae 
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in the following list to those species of which strains were studied. So this list does 
not aim to be complete. 


Saccharomyces ilicis Grénlund (1892) 

Saccharomyces vordermannii Went et Prinsen Geerligs (1894) 

Saccharomyces ellipsoideus Hansen var. cratericus Lindner (1895) 
Saccharomyces cratericus Lindner (1898) 

Saccharomyces cerevisiae Hansen var. cratericus (Lindner) Lodder (1932) 
Saccharomyces sake Yabe (1897) 

Saccharomyces anamensis Will et Heinrich (Will 1913, Heinrich 1913) 
Saccharomyces mandshuricus III Saito (1914) 

Saccharomyces cerevisiae Hansen subsp. vetrozensis Steiner (1924) 
Saccharomyces ellipsoideus Hansen subsp. alpestris Steiner (1924) 
Saccharomyces ellipsoideus Hansen subsp. alpinus Steiner (1924) 
Saccharomyces ellipsoideus Hansen subsp. fulliensis var. typica Steiner (1924) 
Saccharomyces ellipsoideus Hansen subsp. montibensis Steiner (1924) 
Saccharomyces pastorianus Hansen var. arbignensis Steiner (1924) 
Debaryomyces mandshuricus Naganishi (1924) 
? Saccharomyces pulmonalis Redaelli (1925) 

Saccharomyces cerevisiae Hansen var. pulmonalis (Red.) Dekker (Stelling— 

Dekker 1931) 
? Saccharomyces mangini Guilliermond var. tetrasporus (Beijerinck) Dekker 
(Stelling—Dekker 1931) 


aa Synonyms of the variety 


The same restrictions made in the list of synonyms of the species are applied 
to that of the synonyms of the variety. 


Saccharomyces ellipsoideus Hansen (1883) 

Saccharomyces vini muntz Kayser (1892) 

Saccharomyces vini muntzii Kayser (18977) 

Saccharomyces muntzii (Kayser) Naganishi (1927) 

Saccharomyces turbidans Hansen (1904) 

Saccharomyces cerevisiae Hansen var. turbidans (Hansen) Dekker (Stelling— 

Dekker 1931) 

Saccharomyces batatae Saito (1907 b) 

Saccharomyces tokyo Nakazawa (1909) 

Saccharomyces yedo Nakazawa (1909) 

Saccharomyces paradoxus Batschinskaia (1914) 

Zygosaccharomyces paradoxus (Batschinskaia) Klécker (1924) 

Zygosaccharomycodes paradoxus (Batschinskaia) Nishiwaki (1929) 

Saccharomyces marchalianus Kufferath (1920) 

Saccharomyces cerevisiae Hansen var. marchalianus (Kufferath) Dekker 
(Stelling—Dekker 1931) 

Saccharomyces odessa Schnegg et Oehlkers (1922) 

Saccharomyces cerevisiae Hansen subsp. orsati Steiner (1924) 

Zygosaccharomyces fermentati Naganishi (1928) | 

Saccharomyces cartilaginosus Lindner var. italicus Sacchetti (1932 d) 7 . 

Saccharomyces cerevisiae Hansen var. onychophilus Zach (Wolfram und Zach 1934) 


Sacch. cerevisiae 
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Saccharomyces ellipsoideus Hansen var. umbra Castelli (1935) 
Saccharomyces ellipsoideus Hansen var. major Castelli (1938) 


6 Original description and historical survey of species and variety 

As has been said before MEYEN (1838) created the name Saccharomyces cerevisiae 
for a beer yeast. 

Reess (1870) gave a morphological description of the species Sacch. cerevisiae and 
Sacch. ellipsoideus. There is not much difference between the two. As Sacch. cerevisiae 
he regarded the yeast used in the manufacture of beer, as Sacch. ellipsoideus the yeast 
responsible for spontaneous fermentations of grape juices and juices of other fruits. 

HANSEN (1883, 1886, 1888) retained only the names used by REEss. He gave 
a more ample description extended also to physiological characteristics. REESS, who 
did not make pure cultures, studied quite other yeast strains than Hansen did. 
However, REEss’ descriptions are so very incomplete that HANSEN is generally 
mentioned as the author of the species Sacch. cerevisiae and Sacch. ellipsoideus. 
His Saccharomyces cerevisiae is a brewery top yeast and his Saccharomyces ellipsoideus 
I which he considered in 1904 as the true Sacch. ellipsoideus was isolated from ripe 
grapes. Nor is the difference between the two species described by HANSEN very 
sharply outlined. 

Sacch. cerevisiae has in hopped malt extract in the sediment large round to oval 
cells measuring (5—10,5) x (5—11) w. In the surface growth there are more ovoid 
cells and in old cultures also elongate cells forming a pseudomycelium. 

Sacch, ellipsoideus forms in the sediment round, oval or sausage-shaped cells 
measuring (2,5—6,5) x (4,5—9,5) mw, in the surface vegetation also ovoid and 
elongate cells forming a pseudomycelium. 

Spores were formed by both species, usually 1—4 round spores per ascus. For 
Sacch. cerevisiae HANSEN found seldom 5 spores in the ascus. The spores may vary 
much in size, even in the same ascus. They measure for Sacch. cerevisiae from 
2,5—6 yw, for Sacch. ellipsoideus from 3—3,5 uw. There is further a difference between 
the two in the optimum, minimum and maximum temperature for spore formation. 
Both yeasts ferment glucose, saccharose and maltose. 

STELLING—DEKKER judged the above mentioned differences not important enough 
to maintain the two species. She brought Sacch. ellipsoideus as a variety to Sacch. 
cerevisiae. She determined the difference between species and variety as follows: 

In young malt extract cultures the cells are round, oval, ovoid or pear-shaped 
in the species. The ratio between length and width of the cells varies from 1 to 2. 
In the variety the cells are seldom round, but predominantly long-ellipsoidal or 
pear-shaped. The ratio between length and width of the cells is usually about 2. 

Both species and variety form in malt extract a sediment and usually a ring; 
a pellicle may also be formed. The spores are round and smooth. Glucose, galactose, 
saccharose, maltose and raffinose ¥, are fermented, but not lactose. Nitrate is not 
assimilated. 


The synonymy either with Sacch. cerevisiae or with Sacch. cerevisiae var. ellip- 
soideus of the species and varieties discussed below had partly already been 
pronounced by Stetyryc—DEKKER and by others. Partly we have concluded hereto 


on ground of both the original descriptions and the properties as established in our 
own experiments. 


Sacch. cerevisiae 
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Sacch. ilicis Grénlund was isolated from berries of the holly (Ilex aquifolium) 
and described by GRONLUND in 1892 as follows: 

In mait extract cells are round or slightly longer. After 93—165 days a 
pellicle is formed. The cells of the pellicle are ellipsoidal or elongate, often in chains. 

Glucose, saccharose and maltose are fermented. 

LoDDER (1932) identified this species with Sacch. cerevisiae. 

Sacch. vordermannii 1) Went et Prinsen Geerligs was isolated from “Taji”, a rice 
preparation used in the manufacture of arak brandy on Java. It was described in 
1894 and in 1895 as follows: 

In sugar containing liquid media fermentation; a sediment and a ring are formed. 
Cells of the sediment are pear-shaped or round, single or in pairs. Cells of the yeast 
foam are more elongate and in chains. In old agar cultures chains of elongate cells 
bearing smaller cells were found. 4 spores were formed per ascus. 


Fermentation: Glucose + Maltose + 
Saccharose + Lactose — 
Raffinose + 


STELLING—DEKKER (1931) identified this yeast with Sacch. cerevisiae. 

Sacch. cratericus Lindner was isolated from breweries with bottom fermentation. 
LINDNER first (1895) named it Sacch. ellipsoideus var. cratericus, later (1898, 1900) 
Sacch. cratericus. 

In malt extract: the sediment is cheesy flocculent with high crater-like 
elevations (“Schornsteinhefe’’). According to LINDNER’s drawing the cells are oval, 
in branched chains, (5—6,3) x (6,6—7,5) pw. 


Fermentation: Glucose + Maltose + 
Galactose + Lactose — 
Saccharose + Raffinose + 1 


LoppER (1932) classified this yeast as Sacch. cerevisiae var. cratericus. 

Saccharomyces sake Yabe was isolated from ‘‘koji’’. It was described by Kosar 
and YABE in 1895, by YABE in 1897 and by Kosar in 1900. In the publications of 
1895 and 1900 this yeast is described as ‘“‘Saké-Hefe’’. YaBr’s publication of 1897 
was not at our disposal. Probably he gave it then the name Sacch. sake. 

According to the descriptions of 1895 and 1900 the cells are round, 6—12 yh, 
no chains. 1—3 spores are formed in the ascus. 


Fermentation: Glucose + Maltose ++ 
Galactose + (weak) Lactose — 
Saccharose + Raffinose + 1% 


STELLING-DEKKER (1931) identified this yeast with Sacch. cerevisiae. 
Saccharomyces anamensis Will et Heinrich was isolated by HEINRICH from cane 
sugar from Cochinchina (Anam). It is a wild top yeast with a high fermentation 
temperature. It was described by Wii (1913) and by HreryricH (1913) as follows: 
In young malt extract cultures the cells are oval or round varying from 
4x 4 to 9,6 x 11,2 pw, usually 6,7 x 7,5 w. After four weeks a ring and pellicle 
are formed. In the pellicle, besides oval and round cells, there are also cave sobk 
cells, 4 x 12,8 w in short chains. Maximum growth between 39,5 and 41,5° C. 
Spores are round, 1—4 per ascus, 2,4—4 wu. 


1) Since this species is named after VORDERMAN the specific epithet should be 


written vordermanii. 
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Fermentation: Glucose + Maltose + 
Galactose ++ Lactose — 
Saccharose + Raffinose + 


Sugar assimilation: All the above mentioned sugars are assimilated '), 

STELLING-DEKKER (1931) found that this strain had lost the ability to ferment 
at high temperatures. This is to be expected by continued cultivation at lower 
temperatures. She identified this strain with Sacch. cerevisiae. 

Saccharomyces mandshuricus Saito was isolated by Sarro from starting material 
for the manufacture of Sorghum brandy (1914) and from the air (1922). He (1914) 
distinguished four types: I, I, III and IV which are only slightly different from 
each other, mainly in the formation of a pellicle on liquid media, which is most 
pronounced in type II, and in the aspect of the giant colony. The description of 
forma IJ runs as follows: 

The cells are round or oval, 6—8 yw. In malt extract a pellicle is very slowly 


formed. 
Sporulation: Spores are round, 2,7 —4 uw. Often asporogenous races are formed. 
Fermentation: Glucose + Maltose + 
Galactose + Lactose — 
Saccharose + Raffinose + 


This yeast can stand a glucose concentration of 70 %. 

Forma II forms very early a pellicle. Forma III forms no pellicle and no spores. 
Forma IV resembles f. I, but forms no spores. 

Sarto did not investigate whether raffinose was fermented for 14 or completely. 

STELLING—DEKKER who studied strains of f. I, II and III, found that I and II 
ferment raffinose completely, f. III only for 1. She identified this last strain 
with Sacch. cerevisiae *). 

Saccharomyces cerevisiae subsp. vetrozensis Steiner 

Saccharomyces ellipsoideus subsp. alpestris Steiner 

Saccharomyces ellipsoideus subsp. alpinus Steiner 

Saccharomyces ellipsoideus subsp. fulliensis var. typica Steiner 

Saccharomyces ellipsoideus subsp. montibensis Steiner 

Saccharomyces pastorianus var. arbignensis Steiner 
were all six isolated from various fermenting grape musts by STEINER (1924). He 
gave the following description: 

In malt extract: For all these strains the shape of the cells is round, oval, 
ovoid or ellipsoidal; in one strain very seldom also elongate cells were found. There 
is some variance in the size. 

Spore formation: All the strains form spores. 

Fermentation: Glucose + Maltose + 

Galactose + Lactose — 
Saccharose ++ 
STELLING-DEKKER (1931) identified the first four strains with Sacch. cerevisiae. 


*) We found the assimilation of lactose to be negative. 

*) F. I and f. IL which form much longer cells, did not answer to Sarro’s 
description. They were identified by us with Sacch. wearum. Another strain present 
in the collection, merely designated Sacch. mandshuricus, proved to be identical 
with Sacch. carlsbergensis. 
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the fifth strain with Sacch. carlsbergensis and the last strain with Sacch. cerevisiae 
var. ellipsoideus. She found that by Sacch. ellipsoideus subsp. montibensis raffinose 
was completely fermented. We could not confirm this, however. In all our tests 
raffinose was only fermented for 14 and melibiose was not fermented. We also 
found the shape of the cells in Sacch. pastorianus var. arbignensis more in agreement 
with that of the cells in the species Sacch. cerevisiae. 

Debaryomyces mandshuricus Naganishi was isolated by Nacanisur from Man- 
churian “‘kwass”. Unfortunately we were unable to read the Japanese text of 
NAGANISHI’s paper (1924). Our information is based on a written English translation, 
given by NaGanisHi, of the most important parts of the publication and on the 
drawings in it. This led to the following description: 

The cells are short-oval to oval, (2,3—4,2) x (2,35—5,3) yw, on average 3,9 x 5 mu. 

Sporulation on GoropxKowa agar. Iso- or heterogamous conjugation precedes 
ascus formation. 1—4 round, smooth spores are formed with an oildrop in the 
middle 4). 


Fermentation: Glucose + Maltose + 
Galactose — ?) Lactose — 
Saecharose + Raffinose + 


NAGANISHI classified this yeast in the genus Debaryomyces. As has been stated 
already in chapter IV and is further exposed in the discussion of the genus 
Debaryomyces, we emended the genus Debaryomyces. The strains with strong 
fermenting power — among which Debaryomyces mandshuricus — were excluded 
from the genus and included in Saccharomyces. This species could be identified with 
Sacch. cerevisiae. 

Saccharomyces pulmonalis Redaelli was isolated by REDAELLI (1925) from the 
lungs in a case of tuberculosis. The description runs as follows: 

In malt extract a sediment, a broken ring and a very thin pellicle is formed. 

On PoLuuacci-medium %) the cells are oval or elliptical, occasionally slightly 
elongate, (2,4—3) x (3—7,5) u; few chains. 

Sporulation: Spores are round or oval, 2—3 spores per ascus, occasionally 4. 

Fermentation: Only glucose is fermented. 

STELLING—DEKKER (1931) who studied an authentic strain found that also 
zalactose, saccharose, maltose and raffinose for 14 were fermented. The differences 
n the fermentation tests could be explained, when REDAELLI informed her 
chat he had not much confidence in the correctness of his earlier fermentation 
-esults. 

STELLING—DEKKER (1931) classified this strain as a variety of Sacch. cerevisiae, 
.e. var. pulmonalis, mainly because the streak culture on malt agar early gets a 
prown discoloration caused by a dying-off of the cells. 

Since REDAELLI’s description does not agree in the fermentation results with 
he standard description of Sacch. cerevisiae, we have listed this name among the 
yynonyms with a question mark. 

A strain from BrtsERINCK’s collection, labeled Sacch. tetrasporus, but never 
lescribed by BriseRINcK, was classified by Srerninc—-DeKKER (1931) as Sacch. 


1) Spore formation was not observed by us in the authentic strain. 
2) We found the fermentation of galactose to be positive. 
%) Beef broth with peptone and glucose, 
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mangini var. tetrasporus. This classification is based on her fermentation tests. She 
erroneously found that maltose was not fermented. In all other respects this strain 
agrees with her description. Moreover, since in this case there is no full agreement 
between the original description and the standard description this name too was 
marked with a question mark. The strain was isolated from the exudation of an oak. 


In the following the synonyms of Sacch. cerevisiae var. ellipsoideus will be dealt 


with, cf. p. 123. 
We already gave the original description of the first synonym: Sacch. ellipsoideus 


Hansen. 

Saccharomyces vini muntz was isolated from grapes and described by Kayser 
(1892, 1897?). He later named it Sacch. vini muntzii. NAGANISHI in the catalogue 
of the “C.L.M.R.” of 1927 changed it into Sacch. muntzii (Kayser) Naganishi, 
probably for the purpose of rectifying the trinomial name. 

KaysER’s description is very short: 

Cells in small chains, 3 x (6—7) uw. Spores are easily formed. 

Fermentation: Glucose+, Saccharose +, Maltose +. 

STELLING—DEKKER (1931) who studied a strain received from GUILLIERMOND 
identified it with Sacch. cerevisiae. We found, however, a better agreement with 
Sacch. cerevisiae var. ellipsoideus. 

Saccharomyces turbidans Hansen was isolated by HaNnsEN from diseased beer. In 
1883 he described it as Sacch. ellipsoideus II, in 1904 he named it Sacch. turbidans since 
it caused a strong turbidity in beer. His description (1883, 1886, 1888) runs as follows: 

In hopped malt extract generally round or oval cells, but also sausage- 
shaped cells, (2,5—8) x (5—12) mw, single, in pairs or in chains. A pellicle is easily 
formed at temperatures between 3—34° C. The cells of the pellicle resemble those 
of the oculation, but in old cultures there are also sausage-shaped to thread-like 
cells in long branched chains. The malt is strongly decolored. 

Sporulation: Ascospores 1—4 per ascus, 2—5 mw. Optimum temperature for 
spore formation at 29° C, 

Fermentation: Glucose +, Saccharose +, Maltose +. 

STELLING—DEKKER (1931) who found that also galactose is fermented and 
raffinose for 1%, classified this yeast as Sacch. cerevisiae var. turbidans. 

Saccharomyces batatae Saito was isolated from ‘“‘moromi”’’, starting material for 
the manufacture of “‘bataten’’ brandy. Sarro’s description (1907 b) runs as follows: 

In malt extract : Cellsround to oval, 3—10 y, or ellipsoidal, (4—6) x (10—12) u. 
After 4 days slight formation of a pellicle (islets). The cells of the pellicle resemble 
those of the sediment, but there are also sausage-shaped cells. 

Sporulation: 1—4 spores, usually 2—3 per ascus. Spores are round or slightly 


oval, 2—4 uw. 
Fermentation: Glucose + Maltose + 
Galactose + (weak) Lactose — 
Saccharose + Raffinose + (weak) 


STELLING-DEKKER (1931) identified this yeast with Sacch. cerevisiae. We found 
a better agreement with Sacch. cerevisiae var. ellipsoideus. 

Saccharomyces tokyo Nakazawa and Saccharomyces yedo Nakazawa were isolated 
from the manufacture of ‘“‘Saké” and were also designated as ‘‘Saké” yeast I and 
“Saké” yeast Il. Nakazawa (1909) gave the following descriptions: : 
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Sacch. tokyo 
s malt extract cells are round, 1,2—3,2 yp, ellipsoidal or long-ellipsoidal, 
(2—9)  (3—14) uw; giant cells. After 2 weeks islets which easily come down to the 
bottom. | 
Sporulation: Spores are round, 1—4 per ascus. 


Fermentation: Glucose + Maltose + 
Galactose ++ Lactose — 
Saccharose + Raffinose + 1% 


Sacch. yedo 

In malt extract round cells, 3,2—6 uw and ellipsoidal or long-ellipsoidal to 
sausage-shaped cells, (3,2—7,2) x (4,5—20,8) mu; giant cells. A glistening pellicle 
is formed. fe 

Sporulation and fermentation as in Sacch. tokyo. 

TRAUTWEIN and WASSERMANN (1929) studied the fermentation capacity of these 
two yeasts. They found for Sacch. tokyo that saccharose was fermented most strongly, 
after that glucose, whereas the fermentation of maltose was rather weak. In Sacch. 
yedo saccharose and raffinose were fermented most strongly, next glucose, maltose 
and galactose. 

Saccharomyces paradoxus Batschinskaia was isolated from exudations of oaks and 
elms. BaTscHINSKAIA (1914) described this yeast as follows: 

Cells are oval, (2,4—6) x (3,6—7,2) yw. 

1—8 spores are formed in the ascus, but usually 4. They measure 1,2—2,4 yw. 
Commonly the spores conjugate before germination; occasionally 2 spores, but often 
3 or 4 spores or even 5 spores conjugate. The spores can also germinate without 
conjugation. After spore conjugation cells of varying shapes arise forming a kind 
of promycelium. Occasionally two promycelia form anastomoses. Then several 
generations of budding cells arise which conjugate and form spores. Also resting 
cells are formed measuring 6—8 yw. Shortly after their formation they produce 
spores up to 8. 

In malt extract there is a sediment, a ring, but no pellicle. 

Fermentation: Glucose + Maltose — 

Galactose + Lactose — 
Saccharose + 

KiécKker (1924) classified this species into the genus Zygosaccharomyces because 
conjugation preceding ascus formation was observed by BATSCHINSKAIA. 

In 1929 Nisurwakr brought this species to his newly created genus Zygo- 
saccharomycodes because according to BATSCHINSKAIA conjugation appeared both 
between two cells before the ascus formation and between two spores. 

GUILLIERMOND (1931) who studied this yeast found normal asci, without preceding 
conjugation, with 1—4 spores. The spores can conjugate in pairs in the ascus. The 
zygote forms normal vegetative cells. A small amount of ascospores germinate 
without preceding conjugation. Formation of a promycelium was never observed, 
nor a fusion of more than 2 spores. Occasionally a zygote is directly transformed 
into an ascus. GUILLIERMOND considered this yeast a Saccharomyces. 

SreELLING-DEKKER (1931) came to the same results as GUILLIERMOND. She 
observed, moreover, in old malt agar cultures besides normal cells very irregularly 
formed cell complexes. She further found the fermentation of maltose to be positive 
and raffinose was fermented for 1%. The cells in young malt extract cultures were 
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oval to long-oval, (3—4,5) x (4—12) mw. Like Gui~i~reRMOND she classified this 
yeast as Sacch. paradoxus. 

We have not seen any abnormal formations even in very old cultures. Since 
spore conjugation is by no means rare in the genus Saccharomyces this, neither, 
can be a reason to classify this yeast in a separate species. 

Saccharomyces marchalianus Kufferath was isolated by KuFrreratH from fer- 
menting fruits. He (1920, 1921) gave a very incomplete description, merely stating 
that in malt extract after 2 days a sediment is formed but no pellicle. After 20 days 
the cells are round to oval, occasionally cylindrical, single. Spores are easily formed, 
2—4 per ascus. 

STELLING—DEKKER (1931) who studied an authentic strain completed the 
description as follows: 

In malt extract after 3 days at 25° C. cells are oval, (3—5) x (5—18) uy. 
Only a sediment is formed. 

On malt agar after 3 days at 25° C. cells are oval to elongate,(3—5) x (5—20) n, 
single or in pairs. 


Fermentation: Glucose + Maltose ++ 
Galactose + Lactose — 
Saccharose + Raffinose + 1, 


Nitrate is not assimilated. 

Ethanol as sole source of carbon: Poor growth. 

She classified this yeast because of the elongate cells on malt agar as a variety 
of Sacch. cerevisiae, i.e. var. marchalianus. 

WINGE (1935) observed in this yeast either spore conjugation or multiple zygote 
formation in the haplont. 

ScHNEGG and OEHLKERS (1922) described a yeast isolated from beer and named it 
Saccharomyces odessa. 

STELLING—DEKKER (1931) studied a strain of this species obtained from ScHnzaa. 
It differed from Sacch. cerevisiae in the shape of the cells. 

Saccharomyces cerevisiae subsp. orsati Steiner was isolated by STEINER from 
fermenting grape must. In 1924 he described the cells to be round or seldom oval, 
6—8 yw. A sediment and a ring were formed in malt extract. 2 spores were formed 
in the ascus. 

Fermentation: Glucose + Maltose + (weak) 

Galactose ++ Lactose — 
Saccharose + 

STELLING—DEKKER (1931) studying an authentic strain observed longer cells, 
measuring in malt extract (3—5) x (4,5 —13) uw, on malt agar (3 —5,5) x (3,5 —7,5) uw. 
Maltose was normally fermented and raffinose for y,. 

She identified this yeast with Sacch. cerevisiae. According to us it fits better 
in the variety ellipsoideus. 

Zygosaccharomyces fermentati Naganishi was isolated from a sediment of pepper- 
mint at Dairen in 1921, 

NAGANISHI gave a description in 1928. Unfortunately we were unable to read 
the Japanese text. We got our information only from the drawings in the publication, 
According to these the cells are oval, long-oval or elongate, single or in pairs. Asci 
are formed after iso- or heterogamous conjugation or without immediately preceding 
conjugation. 1—4 round spores are formed, . 
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STELLING—DEKKER (1931) who studied an authentic strain found in malt extract 
round to oval cells, (3,5—5) x (3,5—7) w; on malt agar cells are oval or cylindrical, 
(2,5—4,5) x (3—9) mw, single or in pairs. 

Sporulation: Spores are round, 2—3 per ascus. No preceding conjugation 
before ascus formation. 


Fermentation: Glucose + Maltose + 
Galactose + Lactose — 
Saccharose + Raffinose + 14 


She maintained the classification of this yeast as Zygosacch. fermentati. 

Saccharomyces cartilaginosus Lindner var. italicus Sacchetti was isolated by 
SACCHETTI from “‘stracchino’’, a soft Italian cheese. In the same publication (1932 d) 
SACCHETTI described another yeast isolated from ‘“‘stracchino”’ which he identified 
with Sacch. cartilaginosus Lindner. This identification seems to us not quite 
acceptable. LINDNER (1898) described Sacch. cartilaginosus, which was isolated 
from kefir, with oval or usually long-elongate cells in branched chains in young 
malt extract cultures measuring (3,3—4,5) x (4,5—20) mw. SaccHETTI on the 
contrary observed in his Sacch. cartilaginosus round, oval or long-oval cells, 
(3,5—5) x (6—12) pw. So these agree very well with those of Sacch. cerevisiae var. 
ellipsoideus. 

Further Saccuetti found 1 —4 spores per ascus and the same sugar fermentation 
as is known for Sacch. cerevisiae and Sacch. cerevisiae var. ellipsoideus. Sacch. 
cartilaginosus var. italicus showed only small differences with SAaccHETTI’s Sacch. 
cartilaginosus, i.e. in the streak culture and in the giant colonies. 

Saccharomyces cerevisiae var. onychophilus Zach was isolated by WoLrram and 
Zacu (1934). They gave the following description: 

On malt agar the cells are oval with a blunt end measuring 6,5 x (9,5—15) pu 
or (7,5—9,7) x (10,9—12,9) m, occasionally cells in chains; also round giant cells. 

Sporulation: 2—4 ovoid spores are formed. 

Fermentation: Glucose + Maltose + 

Galactose + Lactose — 
Saccharose + 

Two yeasts, named Saccharomyces ellipsoideus var. umbra and Saccharomyces 
ellipsoideus var. major were described by CASTELLI respectively in 1935 and in 1938. 
Both were isolated from grape musts. According to CasTELLI the latter of the two 
mainly differs from Sacch. ellipsoideus in that the cells are rather big, measuring In 
malt extract cultures (6—9) x (8—14) wu. 


» Standard description of Saccharomyces cerev isiae 


Growth in malt extract: After 3 days at 25° C. cells are 
round, short-oval or oval, single, in pairs or in little chains or groups. 
The ratio between length and width of the cells varies between 1—2, 
is generally less than 2. . | } 

According to the size of the cells the strains can be differentiated into 
three groups. There are, however, several transitions from one group 


to another. 
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Group I contains strains with large cells: (5—10) X (6—12) mw (Fig. 22). 
Group II contains strains with small cells: (3—7) x (4,5—10) w. Group IIT 
is an intermediate group. Generally in this group there are less round or 
short-oval cells and more oval cells. The dimensions vary between 


(3,5—8) x (5—15) p. 






Fie. 23 — Sacch. cerevisiae 

Spores on GORODKOWA agar 
Fic. 22 — Sacch. cerevisiae after 1 week (strain 
After 3 days in malt extract molasses yeast) 


Usually only a sediment is formed, but occasionally also a ring. 

After one month at 17° C. a sediment, nearly always a ring and often 
islets or a pellicle are formed. 

Growth on malt agar: After 3 days at 25° C. cells are round, 
short-oval or oval, single, in pairs or in chains or groups. The cells are 
generally slightly longer than those in malt extract. The ratio between 
length and width of the cells varies between 1—2. 

In group I cells measure (3,5—8) x (5—15) wu; in group II (2—7) x 
(3,5—10) w and in group III (83—7) x (4—12,5) wu. 

After one month at 17° C. the streak culture is cream-colored to 
yellowish-brown, soft, shining or dull-shining, smooth and flat or wrinkled 
in the middle or over the entire surface. 

Slide cultures: About one third of the strains does not form a 
pseudomycelium. The other strains form a more or less well-developed 

; pseudomycelium which is not characteristic. 

Sporulation?): 1—4 spores are formed in the ascus; some strains 
form no more than 2 or 3 spores. Spores are round or slightly oval 
(Fig. 23). Conjugation preceding ascus formation or spore conjugation may 
occur. 


) 92 of the 120 strains belonging to species and variety were still able to form 
spores. Conjugation preceding ascus formation has not been observed by us, but is 
reported by some authors for their strains. 
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Fermentation: Glucose + Maltose + 
Galactose + Lactose — 
(occasionally weak 
or —) 
Saccharose + Raffinose + 1% 
Sugar assimilation: Glucose + Maltose + 


Galactose + 
(occasionally weak) 
Saccharose + Lactose — 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Usually no growth, 
occasionally weak growth, seldom normal growth. 
Splitting of arbutin: Absent. 


yy Supplementary description of Saccharomyces cerevisiae var. 
ellipsoideus 


Growth in malt extract: After 3 days at 25° C. cells 
oval to long-oval. There may be also some round or short-oval cells. Cells 
are single, in pairs or in groups or chains. The ratio between length and 
width of the cells is generally 2. 

According to the size of the cells 
the strains can be differentiated 
into three groups. 

Group I contains strains with 
large cells, (3,5—9,5) x (6—14 
or also up to 20) mw (Fig. 24). 
Group II contains strains with 
small cells, (2,5—6) * (3,5—13) uw. 
Group III is an intermediate 
group. The cells vary between 
(3—7,5) X (5—14) mu. 

A sediment is formed and often 
also a ring. 

After one month at 17°C. a 
sediment, usually a ring and 
often islets or a _ pellicle are 





Fic. 24 — Sacch. cerevisiae var. ellipsoideus 


‘ "eS j 
After 3 days in malt extract present. 


Growth on malt agar: 
After 3 days at 25° C. cells are oval to long-oval, single, in pairs or in 
chains. The ratio between length and width is about 2. 


Sacch. cerevisiae 


134 FAMILY ENDOMYCETACEAE [(Cu. V, §3 


The cells in the three groups have the following dimensions: Group I 
(3—8,5) xX (5,5—16,5) mw; group II (1,5—5,5) x (3,5—12) m; group Iil 
(2,2 —7,4) x (3—15) pu. 

After one month at 17° C. the streak culture has the same appearance 
as in the species. 

Slide cultures: Nearly always a pseudomycelium is formed, 
but it may be poorly developed. It is never characteristic. 


6 Discussion 


Following StTeLLING-DEKKER we have gathered in the species Saccha- 
romyces cerevisiae the strains which form round, short-oval or oval cells 
in young malt extract or malt agar cultures. The ratio between length 
and width of the cells varies from 1—2, is generally less than 2. 

The strains of the variety Sacch. cerevisiae var. ellipsoideus form longer 
cells in young malt extract or malt agar cultures. The ratio between length 
and width of the cells is about 2. It is self-evident that there are 
transitions between species and variety. In the variety there is a slightly 
stronger tendency to form a pseudomycelium connected with the longer 
shape of the cells; in all other respects in species and variety the properties 
tested are alike. 

Transitions are also found between the variety and the species Sacch. 
willianus which forms still longer cells with a ratio between length and 
width generally higher than 2. Usually, however, it was easy to separate 
the two. 

It will be obvious that among the 120 strains brought either to the 
species or to the variety there are several minor differences. In this 
respect we have only to mention the properties which make a certain 
strain suitable for yeast-, beer- or wine manufacture. No taxonomic value 
can be attached to these differences which are often difficult to establish 
and to describe. 

In the section “Origin of the strains” we have added as many details 
and references about the various strains as possible. 

In the case of the species we have seen that most synonyms of Sacch. 
cerevisiae were already recognized by STELLING-DEKKER or by others. 
This was not the case with the synonyms of the variety. The fact that so 
many more strains were studied by us has made differences which first 
seemed real, fade away by many transitions. 

According to DippEns and LoppER R (1942) Saccharomyces cerevisiae has 
to be considered as the perfect form of Candida robusta. 
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e Origin of the strains belonging to the species 


67 strains were studied. 

The 16 strains belonging to group I, those with the large cells, will be first discussed. 

In 1925 a strain was obtained from Van Wisk who isolated it from top yeast 
used in the manufacture of beer in the brewery “‘d’Oranjeboom” at Rotterdam 
(Holland). 

Two other strains came also from Dutch breweries. 

A strain was isolated by Brtserrnck from baker’s yeast of the ‘Koninklijke 
Nederlandsche Gist- en Spiritusfabriek’ at Delft (Holland). STeL.ninc—DEKKER 
(1931) designated this strain as “Delft I’. 

Another strain, labeled Sacch. curvatus was also isolated by BrEtsERINCK from 
baker’s yeast. He mentioned it in a publication in 1908 and gave it this name 
because he observed that the cells were curvated. This characteristic could not 
be retraced by us. 

Strains were isolated from compressed yeast of Schiedam (Holland) in 1925 
and from baker’s yeast from Paris in 1936. 

Two strains were so-called molasses yeasts. They were used for the manufacture 
of yeast and alcohol from molasses as raw material. 

In 1946 a strain labeled ‘‘Gebriider Mayer’ yeast was obtained from the 
“A.T.C,.C.”. This yeast was used by Wittiams, Eakin and McManan (1941) in 
their microbiological assay of determining pyridoxin and by WIurAms, Stout, 
MircHett and McManawn (1941) for the determination of inositol. 

Two strains were received from NeusEeRG from Germany in 1936 and in 1937 
labeled “‘Patzenhofer Hefe” and ‘Steinberger Hefe’’. 

Strains of Sacch. ilicis Grénlund and Sacch. cratericus Lindner were obtained 
from PRIBRAM (Vienna) in 1931. 

A strain labeled Zygosacch. priorianus Klécker was received in 1912 from 
GUILLIERMOND (Paris). KLécKER (1900, 1907) isolated from the body of honey-bees 
a yeast which he named Zygosaccharomyces priorianus. He first found that saccharose 
was not fermented. In 1924 he stated that saccharose was weakly fermented. A 
macroscopical fermentation could not be observed, but when the cells were ground 
with sand, and toluol-saccharose was added, Fehling’s solution was reduced. We, 
therefore, cannot identify our strain which ferments saccharose vigorously, with 
Zygosacch. priorianus, and we do not agree in this respect with STELLING—DEKKER. 

WInGeE and LaustsEn (1939) observed in this strain both spore conjugation and 
haploid germination followed sooner or later by formation of twin- or monozygotes. 
The strain is homozygous. 

The last strain of this group was isolated in 1938 from a nail infection. 

The greater part of the strains belonging to group I are beer- or baker’s yeasts. 


33 strains are brought to group II containing strains with small cells. 

The following 4 strains were obtained in 1928 from CHopaT (Switzerland): Sacch. 
cerevisiae subsp. vetrozensis, Sacch. ellipsoideus subsp. alpinus, Sacch. ellipsoideus 
subsp. montibensis, Sacch. pastorianus subsp. arbignensis. All were isolated by 
Srerner from fermenting grape musts. 

In 1932 § strains were received from GUILLIERMOND (Paris). All were isolated by 
Caprratn (1930) from must or wine of pears. 
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In 1931 a strain isolated by Metiicer (1931) from dates was received from 
CuopatT (Switzerland). 

Two strains came in 1937 from ZIMMERMANN (Germany) who isolated them from 
sediments of wines. He (1937) thought them very useful for the manufacture 
of wines. ; 

In 1937 4 strains were received from NeEuBERG from Germany, labeled ““‘Scharback- 
berger Hefe”, ‘“Portwein Hefe’’, ‘Malaga Hefe” and ‘‘Hefe Gumpoldskirchen”’. 

In 1942 a yeast used in the manufacture of ‘‘Champagne Hautvilliers” was 
obtained. 

In 1947 a wine yeast was received from the Hungarian Ampelological Institute 
at Budapest. 

A strain was studied labeled ‘“‘wine yeast Budapest’’. 

In 1936 a strain came from Liverpool isolated from “‘raisin basis’? wine. 

Astrain was isolated in 1936 by ROELOFSEN inJava from the juice of the Arenga palm. 

A strain was studied, isolated from strawberries. 

A strain labeled Sacch. valesiacus isolated from fermenting grape juice was received 
in 1923 from OSTERWALDER (Switzerland). StTELLING—DEKKER (1931) identified this 
strain with Sacch. cerevisiae var. ellipsoideus, but the strain studied by us agreed 
much better with Sacch. cerevisiae according to the shape and size of the cells. In 
this respect there was no agreement either with OSTERWALDER’Ss description (1924) 
or with that of STELLING—DEKKER. It may be that through some mistake we did 
not study OsTERWALDER’s authentic strain. 

The above mentioned 24 strains are all isolated from wines or fruits. The 
9 remaining strains were isolated from various sources. 

A strain of Sacch. anamensis was obtained from REDAELLI (Italy) in 1924. 

A molasses yeast isolated from powdered yeast of the ‘“Wates” factory in Java 
was obtained from LEEFLANG in 1926. 

A strain labeled FLEIscHMANN’s baker’s yeast came in 1946 from the “‘A.T.C.C.”’. 
It had been used by SNELL, Eakin and Wiixrams (1941) for the microbiological 
determination of biotin. 

The strain labeled Sacch. tetrasporus was isolated by Br1sERINCK from exudations 
of an oak. 

A strain was isolated in 1939 from a soil sample. 

The strain of Debaryomyces mandshuricus was received in 1935 from the “Inst. 
Brew. Tech. Coll. of Hiroshima’ (Japan). 

A strain labeled Sacch. pulmonalis was obtained in 1925 from REDAELLI (Italy) 
who isolated it from the lungs in a case of tuberculosis. 

Another strain of human origin was isolated in Holland from tissue of a tumor. 

One strain caused infection probably in beer. 


18 strains belong to group III, the intermediate group. 

Two strains were obtained in 1928 from CHODAT (Switzerland), ¢.e. Sacch. 
ellipsoideus subsp. alpestris and Sacch. ellipsoideus subsp. fulliensis var. typica. 
A strain labeled Sacch. pastorianus subsp. arbignensis Steiner was received in 1949 
from the ‘‘A.T.C.C.”’. It is used as a test yeast for the activity of actidion. Probably 
it is a subculture of the strain we received in 1928 from CHOpAT and which was 
brought into group IT. Srerner isolated all three yeasts from fermenting grape musts, 

A strain labeled “Badische Sulphit-Hefe” was isolated by Zim ERMANN (Germany ) 
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from the sediment of wine and obtained in 1937. According to ZIMMERMANN (1937) 
it should be very useful in the manufacture of wines and it is very resistant against 
sulphurizing. 

A strain labeled wine yeast ‘‘Versenay II” was obtained in 1928 from IwaNnowsk1 
(Warsaw). 

A strain was isolated by Dapr (Gold Coast) from toddy of palm wine and 
received in 1932 from AsHBy (England). 

A strain isolated by MELLIGER (1931) from dates was received in 1931 from 
CHopatT (Switzerland). 

A strain isolated from anaerobic experimental fermentations of cocoa by DapE 
(Gold Coast) was received in 1932 from AsHBY (England). Knapp (1935) reported 
on Dape’s experiments. 

Another strain isolated from fermenting cocoa was obtained from RorLorsEN 
(Java) in 1936. 

A strain of Sacch. vordermannii Went et Prinsen Geerligs was obtained in 1923 
from Snir (Holland) who isolated it. 

Three strains labeled Sacch. mandshuricus III were obtained, one in 1927 from 
the “C.L.M.R.” at Dairen (Manchuria), the other two in 1935 from the ‘Inst. 
Brew. Tech. Coll. of Hiroshima’’ (Japan). The two last strains were marked as 
“normal” and “‘abnormal’’, They were, however, fully identical. 

A strain of Sacch. sake Yabe was obtained in 1927 from the ‘‘C.L.M.R.” at 
Dairen (Manchuria). It originated from the ‘Inst. Brew.” at Tokyo. 

A strain labeled Sacch. cartilaginosus Lindner was received in 1927 from the 
“C.L.M.R.”’ at Dairen (Manchuria). It originated from the “Inst. Brew.” at Tokyo. 
It does not agree with LINDNER’s description (1898, 1901). STELLINGc—-DEKKER 
identified this strain with Sacch. cerevisiae. 

A strain labeled Sacch. wildiersii Kufferath was received from WINGE (Copen- 
hagen) in 1935. We could not trace a description of this yeast by KUFFERATH. 
Probably he gave it this name because WriupreRS (1901) used it in his study on 
“Bios”. The strain was isolated from Namur beer and originated from BrouRGE 
(Louvain). Winer and Hyort (1935) subcultured it in 1933—’34 from a culture 
oculated in 1907 by KL6cKER. 

A strain used by NARAYANAN (1930) in his study on “Bios” came in 1932 from 
Drummonp (England). 

A strain of baker’s yeast from the ‘‘Sinner” factory in Germany was received in 
1936 from NEUBERG. 


Three of the 67 strains are of human origin. 


Since the cell dimensions in group I agree best with those of the 
Sacch. cerevisiae described by Hansen, a strain of this group, 7.e. the 
strain received in 1925 from VAN Wrsx and isolated from top yeast used 
in the brewery ‘“‘d’Oranjeboom”’ Rotterdam (Holland) has been chosen 


as the type strain of this species. 


ce Origin of the strains belonging to the variety 


53 strains belong to the variety. 
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In group I containing the strains with large cells 29 strains were brought. 

A strain labeled Sacch. ellipsoideus Hansen was received in 1922 from CLaUssEN 
(Denmark). 

Two strains isolated long ago from Dutch baker’s yeast were studied. Both strains 
formed cells in branched chains. One of these strains was designated by STELLING— 
DEKKER as strain “Delft IT’. 

Strains from the Liberty Yeast Co and from the North Western Yeast Co at 
Chicago (Ill.) were sent by Neusere in 1936 from Germany. The latter strain was 
labeled ‘“‘Magic yeast’’. 

Strains of ‘“‘Old Process’? yeast and of Fleischmann yeast No. 139 were obtained 
in 1946 from the “‘A.T.C.C.”. The first one was used by Wri~Ltiams, McManan and 
EakIn (1941) in the microbiological determination of thiamin, the latter by DIrTMER 
et al. (1944) and WINZLER et al. (1944) in the microbiological determination of biotin. 

Two strains of ‘‘Rasse II’? HENNEBERG and two strains of ““Rasse XII’? HENNE- 
BERG were received, one of each in 1924 from ‘Institut fiir Garungsgewerbe”’ at 
Berlin and one of each in 1936 from NruBERG. The latter two strains originated 
also from “Institut fiir Garungsgewerbe’’. ‘ 

According to HENNEBERG (1903, 1926) ‘‘Rasse II’? was isolated from a distillery 
which originally obtained its yeast from a yeast factory. It was, however, frequently 
used in distilleries, 

‘““Rasse XII” was isolated from a yeast factory in the south of Germany. It was 
used in yeast factories and in distilleries. 

HENNEBERG observed that on solid media “‘Rasse XII’’ has a more plicated 
surface than ‘“‘Rasse II’? and the cells are formed in chains, whereas those of 
““Rasse IT’’ are usually single. ‘“‘Rasse XII” forms earlier a pellicle on liquid media 
which comes easily to the bottom, and reproduces quicker than ‘“‘Rasse II’’. The 
cells of ‘“Rasse XII” are usually round to ovoid, but on solid media there is a strong 
tendency to form elongate cells, also in the pellicle and in the ring on liquid media. 
“Rasse IT” has long-ovoid cells. Both form spores, 1—4 per ascus. 

STELLING—DEKKER (1931) identified both races with Sacch. cerevisiae var. ellip- 
soideus. 

A strain of ““Rasse M”’ was received in 1936 from NEUBERG (Berlin). According 
to HENNEBERG (1926) this should be a mixture of various yeast strains. Probably 
one of these strains will have remained. 

A strain of Sacch. batatae was received in 1927 from the ‘“‘C.L.M.R.” at Dairen 
(Manchuria). 

In 1936 a strain was received from Atwoop from the Century Dist. Co at Peoria 
(Ill.) used in the manufacture of whisky. 

A strain of Sacch. turbidans Hansen was received in 1912 from CLAUSSEN 
(Denmark). 

A strain labeled Sacch. intermedius Hansen came in 1912 from SCHNEGG (Germany). 
This strain does not agree with HaNnsEn’s description (1883, 1886, 1888) who 
mentioned much longer cells for his Sacch. intermedius (Sacch. pastorianus II). 
Sacch. intermedius is considered by us a synonym of Sacch. willianus. 

A strain, originally isolated from a Dutch brewery was received from WINGE 
(Copenhagen) in 1949, 

The above mentioned 17 strains were nearly all isolated from baker’s yeast, 
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distillery yeast or brewer’s yeast. The following 10 strains are fruit- or wine veasts. 
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Two strains labeled Sacch. ellipsoideus J ohannisberg I and II were studied. The 
first strain came from SCHNEGG (Germany), the second from BEIJERINCK’s collection. 
The two Johannisberg yeasts were originally isolated by WortTMANN from sediments 
from “Schloss Johannisberg”’ (1892). 

WorTMANN (1892, 1894) and ADERHOLD (1894) studied these strains. In young 
must cultures the cells of Johannisberg I are round, oval or pointed. The pellicle 
has oval cells, not in chains. J ohannisberg IT forms oval, rather long cells, but not 
pointed, (5—7) x (7—10) w. The cells of the pellicle are round, oval, or sausage- 
shaped, in chains. Both strains form round spores. 

GUILLIERMOND (1905, 1910) observed spore conjugation in the strain Johannis- 
berg II. Wrince (1935) found that usually the spores conjugated in pairs. In some 
cases the spores germinated without conjugation; a few haploid cells were formed 
but soon the haploid cells conjugated forming a diploid generation. 

STELLING—DEKKER (1931) identified both strains with Sacch. cerevisiae. 

In young malt extract cultures the cells are more like those of Sacch. cerevisiae, 
on young malt agar cultures they are longer, like those of Sacch. cerevisiae var. 
ellipsoideus. We, therefore, classified these strains in the variety. 

A strain of Sacch. muntzii (Kayser) Naganishi was obtained in 1927 from the 
“C.L.M.R.” at Dairen (Manchuria). This strain originated from GUILLIERMOND. 

A strain of Sacch. marchalianus Kufferath was received in 1927 from KUFFERATH 
(Belgium) who isolated it from fermenting fruits. 

A strain labeled Sacch. ellipsoideus strain Champagne Cramant was obtained in 
1926 from ScuoEN (France) who isolated it from fermenting must of Cramant. 
STELLING—DEKKER identified this strain with Sacch. cerevisiae var. ellipsoideus. The 
metabolism of this strain is reported on by FERNBACH and SCHOEN (1913, 1914, 1922). 

Strains of the following wine yeasts were received: Steinberg-, Bordeaux- and 
Liebfraumilch yeast; the last strain came in 1937 from NEUBERG (Germany). 

Strains of Sacch. ellipsoideus var. umbra and of Sacch. ellipsoideus var. major 
were obtained in 1935 and in 1937 from CasTELui (Italy). He isolated both from 
fermenting grape must. 

A strain labeled Sacch. annulatus Negroni was received in 1930 from PoLLacct 
(Italy). Further details are not known. An authentic strain of Sacch. annulatus was 
identified with Sacch. willianus to which we refer. 

A strain of Sacch. cerevisiae var. onychophilus Zach was received in 1935 from 
Zacu (Vienna) who isolated it from diseased nails. 


12 strains were brought to group II which contains strains with small cells. 

An authentic strain of Sacch. cerevisiae subsp. orsati Steiner was obtained in 1928 
from Cuopat (Switzerland). STEINER isolated it from fermenting must. 

Three strains were sent in 1932 by GuimiurmrRMonD (Paris), all isolated by 
Capiratn (1930) from pear wine. 

A strain (A 41) was sent in 1937 by ZIMMERMANN (Germany) who isolated it from 
the sediment of wine. He identified it with Sacch. cerevisiae var. ellipsoideus. This 
yeast is a so-called “Kaltgirhefe’’. According to ZIMMERMANN (1937) it is very 
useful in the manufacture of wines. . om - 

Zygosacch. fermentati Naganishi was obtained in 1929 from the ‘C.L.M.R. at 
Dairen (Manchuria). It was the original strain isolated by NAGANISHI from a sediment 


of peppermint. 
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Strains labeled Sacch. cartilaginosus and Sacch. cartilaginosus var. italicus were 
received in 1932 from SaccuEettr (Italy) who isolated them from “‘stracchino” a 
soft Italian cheese. As is already mentioned they did not correspond with the 
original description of Sacch. cartilaginosus given by LINDNER (1898). 

A strain of Sacch. paradoxus Batschinskaia was obtained in 1931 from GUILLIER- 
MOND (Paris). 

A strain isolated from fermenting cocoa was sent in 1936 by ROELOFSEN from Java. 

A strain was received in 1942; it was isolated from beer. 

One strain probably caused an infection in beer. 


12 strains belong to group III, the intermediate group. 

The strain of Sacch. odessa has been received from SCHNEGG (Germany) and was 
isolated from beer. 

Two strains of Sacch. yedo and two strains of Sacch. tokyo were received, one of 
each in 1932 from TravutTweIn from the ‘Institut fiir Garungsphysiologie”’ at 
Weihenstephan and one of each in 1934 from Nakazawa (Japan). NAKAZAWA 
isolated these yeasts from “‘moto” used in the manufacture of saké. 

Two strains were isolated from baker’s yeast, one was isolated from ‘‘Germania 
Hefe” and obtained in 1936 from NruBErRG from Germany. 

A strain (B 35) was isolated from turbid wine in Germany by ZIMMERMANN 
(1937). It was received in 1937. 

A strain of ‘“‘yeast foam” sold by the North Western Yeast Co at Chicago (IIl.) 
was obtained in 1949 from WincE (Copenhagen). This yeast shows a very distinct 
heterothallism and was used by LinpEGREN and WINGE in their genetic studies. 
For the formula of the genes responsible for the fermentation of the various sugars 
as given by WINGE and RoBerts (1948, 1950a; WinGE 1949) we refer to chapter ITI, 
p. 43. 

One strain was isolated from the flower of an Iris in Holland in 1925. 

Two strains were isolated from turbid beer. 


Probably two of the 53 strains are of human origin. 


The first mentioned strain of group I, received as Sacch. ellipsoideus 
from CLAUSSEN has been chosen as the type strain of this variety. It may 
originate from HANSEN. 


2. SACCHAROMYCES PASTORIANUS HANSEN 


6 Original description and historical survey 


The name Sacch. pastorianus originates from REESS (1870) and was also used by 
Pasteur in his ‘‘Etudes sur la Biére”, but a clear conception of the species had not 
been given. HANSEN (1883, 1886, 1888) made a thorough study of this yeast. He 
first designated it as Sacch. pastorianus I. In 1904 he considered his Sacch. pastorian us 
I as the true Sacch. pastorianus. He had isolated it from dust from a brewery in 
Copenhagen and from diseased beer. It is a bottom yeast and gives a disagreeable 
smell and taste to the beer. His description runs as follows: 

In hopped malt extract in young cultures the cells of the sediment are 
round to oval, elongate or sausage-shaped. According to HaNSEN’s drawings they 
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measure (2,5—7,2) x (3,5—17) uw. Small chains are formed. After 7—10 days at 
temperatures from 26—28° C. some islets are formed; at 20—22° C. a pellicle is 
present after 8—15 days. The cells of this pellicle resemble those of the sediment, 
but they are generally smaller and more slender. At 13—15° C. a pellicle is formed 
after 15—30 days. The cells are larger and a mycelium is formed consisting of long 
branched chains of cells. According to HANsEN’s drawings this is no true mycelium 
but a pseudomycelium. 

Sporulation: Optimal spore formation was observed on gypsum at 27,5° C. 
Usually 1—4 spores are formed, but also 5—10. Spores measured 1,5—3,5 p, 
seldom 5 uw. 

Fermentation: Glucose + Maltose ++ 

Saccharose + Lactose — 

STELLING—DEKKER (1931) who did not study an authentic strain added to this 

description that galactose and raffinose were completely fermented. 


y Standard description of Saccharomyces pastorianus 


Growth in malt extract: After 3 days at 25° C. cells are 
oval, elongate or sausage-shaped, single, in pairs or in short chains. They 
measure (2,5—4) x (7—26) uw. A sediment is formed (Fig. 25). 





Fig. 25 — Sacch. pasiorianus 
After 3 days in malt extract 


After one month at 17° C. a sediment, a ring and occasionally some 
islets are present. 

Growth on malt agar: After 3 days at 25° C. cells are oval, 
longate or sausage-shaped, single, in pairs or in short chains. They 
easure (3,5—5) x (9—21) um. 
The streak culture after one month at 17° C. is cream-colored to 
‘ellowish, smooth, flat and shining or finely wrinkled. 
Slide cultures: A pseudomycelium is formed. It consists of 
sranched chains of elongate cells in tree-formation. 
Sporulation?): Spores are round; 1—4 per ascus. 






1) In one of the two strains spores were formed on GORODKOWA agar. 
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Fermentation: Glucose + Maltose + 
Galactose — Lactose — 
Saccharose + Raffinose + 7 
Sugar assimilation: Glucose + Maltose + 
Galactose — Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Absent. 


6 Discussion 

The standard description is in good agreement with HANSEN’s des- 
cription. A divergence from STELLING—DEKKER’s description was found 
in the fermentation of galactose, but she did not study an authentic 
strain like we did. Since the property to ferment galactose is a hazardous 
characteristic to use in systematics, a further confirmation of this property 
was necessary. We tried to adapt the two strains to galactose, but without 
success. This sugar was neither fermented nor assimilated. We, therefore, 
separated the two strains from Sacch. uwvarwm with which they are in all 
other respects closely related. 


é Origin of the strains studied 


2 strains were studied. " 

An original strain of Sacch. pastorianus was received in 1935 from WINGE 
(Copenhagen). It originated from a culture from HANsEN dating from 1888. WiINGE 
and Hsorr (1935) reinoculated it in 1933 —’34. 

The second strain originated from the “Institut fiir Garungsgewerbe” at Berlin. 
It was obtained in 1931 labeled Sacch. cerevisiae, strain Saaz. The cells are shorter 
and slightly wider than those of the first strain. 


The original strain of Sacch. pastorianus has been chosen as the type 
strain of the species. 


3. SACCHAROMYCES ROUXII BOUTROUX 


One variety belongs to this species: 

Saccharomyces rouxii Boutroux var. polymorphus (Kroemer et 
Krumbholz) nov. var. 

a Synonyms of the species 


Saccharomyces soya Saito (1907 a) 
Zygosaccharomyces soya (Saito) Takahashi et Yukawa (1915) 
Zygosaccharomyces japonicus Saito var. soya (Saito) Dekker 


(Stelling—Dekker 1931) 
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Zygosaccharomyces japonicus Saito (1909) 

Zygopichia japonica (Saito) Klécker (1924) 

Zygosaccharomyces salsus Takahashi et Yukawa (1915) 

Zygopichia salsa (Tak. et Yuk.) Klécker (1924) 

Zygosaccharomyces variabilis Kroemer et Krumbholz (1931) 

Zygosaccharomyces gracilis Karamboloff et Krumbholz (1931) 
Zygosaccharomyces gracilis Karam. et Krumbh. var. italicus Sacchetti (1932 a, b) 
Zygosaccharomyces major Takahashi et Yukawa var. threntensis Lodder (1932) 

? Zygosaccharomyces vini Naganishi (1928) 

? Zygosaccharomyces dairensis f. II Naganishi (1928) 


aa Synonyms of the variety 


Zygosaccharomyces polymorphus Kroemer et Krumbholz (1931) 
Zygosaccharomyces amoeboideus Kroemer et Krumbholz (1931) 
Zygosaccharomyces cavarae Rodio var. amoeboideus (Kroemer et Krumbholz) 
Lodder (1932) 
Zygosaccharomyces citrus Lodder (1932) 
Zygosaccharomyces felsineus Sacchetti (1932 a, b) 
? Zygosaccharomyces dairensis f. I Naganishi (1928) 


6 Original description and historical survey of the species 


Saccharomyces rouxti was isolated from jams and syrups. Bourrovux (1883, 1884) 
pave the following description: 

Growth in cherry must: No pellicle but a few islets at the surface. The 
sediment is almost powdery. Young cells are nearly round or oval. Old cells from 
the islets form ascospores: 1, 2 or 3 per ascus. 

Fermentation: Glucose is fermented, but not saccharose. 

The yeast is not very resistant against acid. 

This yeast is named Sacch. rouxii since Roux was the first to mention a yeast 
papable of fermenting glucose, but unable to ferment or invert saccharose. 
Bovutrrovux did not mention whether maltose is fermented or not. JORGENSEN 
(1909) pointed out that this yeast ferments glucose and maltose, but not saccharose 
and lactose. 

According to GUILLIERMOND (1912) the cells are small, round or ellipsoidal, often 
in little chains, 4—5 uw. 


- The synonyms of Saccharomyces rouxii, mentioned under a, will now be shortly 
liscussed. 

Sarro isolated a yeast which he named Saccharomyces soya from a “shoyu- 
moromi’’ (soya-mash) which contains a high percentage of salt. He considered it 
ws the genuine soya-yeast. In 1907 (a) he gave the following description: 

Cells round to oval, 4—8 yw, in short chains. 

Sporulation in the yeast ring of koji extract cultures. Spores round, 2,7 —4,5 ma. 
ecording to Sarro’s drawing iso- or heterogamous conjugation or no conjugation 
recedes ascus formation. 1—4 spores are formed in the ascus. 

Fermentation: Glucose, galactose and maltose are fermented but not saccharose 





nd lactose. 
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TAKAHASHI and YuKAWA (1915) isolated from ‘“‘shoyu-moromi” a yeast which 
they found to be identical with Saccharomyces soya. The only difference is that 
galactose is not fermented. Since a conjugation often precedes ascus formation they 
classified it as Zygosaccharomyces soya. This yeast was also important for the 
manufacture of soya. . 

STELLING-DEKKER (1931) studied a strain of this yeast received from NAGANISHI. 
She found, in contradistinction to the results found by the Japanese scientists and 
also with our results, besides the fermentation of glucose and maltose also a very 
weak fermentation of saccharose and raffinose. She classified this yeast as a variety 
of Zygosaccharomyces japonicus, i.e. Zygosacch. japonicus var. soya. 

Sarro isolated another yeast from the manufacture of soya. He described this 
yeast in 1907 (a) as “‘Soya-Kahmhefe”’. 

The cells are round or oval. Long mycelial cells are also formed. Cells in short 
chains. 

On koji extract a white, powdery pellicle is formed which later gets a more 
yellowish-brown tinge and becomes wrinkled. On beer wort no pellicle is formed. 

Sporulation in the pellicle on koji extract or in the gelatin streak culture. 
Spores are round, 2,7—6,3 uw. Usually 4 spores per ascus. According to Sarro’s 
drawing iso- or heterogamous conjugation occurs. 

Fermentation of glucose and maltose, not of galactose, saccharose or lactose. 

In 1909 Sarro named this organism Zygosaccharomyces japonicus. 

K1L6cKER (1924) classified this yeast in the genus Pichia, subgenus Zygopichia 
because of the formation of a pellicle on koji extract. On malt extract he observed 
a pellicle only after three months’ cultivation. STELLING—DEKKER (1931) rejected 
KL6cKER’s classification, She included this species in the subgenus Zygosaccharomyces. 

Besides the fermentation of glucose and maltose STELLING-DEKKER observed a 
very weak fermentation of saccharose and raffinose. This was found neither by 
Sarro nor by us. 

Zygosaccharomyces salsus was isolated by TAKAHASHI and YuxKAwa also from 
“shoyu-moromi’’. 

On liquid media which contain NaCl a thick wrinkled pellicle is formed. On 
liquid media (koji extract) without NaCl no pellicle is formed or only a thin pellicle 
after a long time of cultivation. 

Conjugation precedes ascus formation. The spores are round or oval, 2,5—6 Me 

Fermentation of glucose and maltose, not of galactose, saccharose, lactose and 
raffinose. 

KL6cKER (1924) classified also this species in the subgenus Zygopichia. STELLING— 
DEKKER (1931) did not agree with KiécKxerr’s classification. She maintained thi 
yeast in the subgenus Zygosaccharomyces. M 

Also in this yeast a very weak fermentation of saccharose and raffinose was 
observed by her, again in contradistinetion to previous findings as well as to 
ours. She considered this yeast as identical with Zygosaccharomyces major. 

Zygosaccharomyces variabilis was isolated by KroEMER and KrumpByorz from 

“edelfaulen Rosinen” which are ripe grapes affected by Botrytis cinerea and 
shriveled up. 

In 1931 they gave the following dese ‘ription : 

In young grape must or malt extract cultures cells are elliptical to egg-shaped, 
(3,5—5) x (5—7) yw, single or in short chains. 
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Isogamous or heterogamous conjugation may precede ascus formation, but also 
conjugation was not o ed. 1—4 spores per ascus. 

Fermentation of glucose (fructose, mannose) and maltose only. 

Zygosaccharomyces gracilis was isolated by KaramBororr and KrumsBuorz (1931) 
from contaminated wine of Portuguese origin. Because of the graceful appearance 
of the giant colony this yeast was named Zygosaccharomyces gracilis. 

In must or in malt extract cells are oviform or ellipsoidal, (3,5—5) x (5—7,5) pu. 
Rarely large round cells, 6 x 7 w. The cells are single or in short chains. 

Isogamous, heterogamous or no conjugation. Usually 2—4 spores per ascus. 
Conjugation tubes are often formed. 

Fermentation of glucose and maltose and a very weak fermentation of 
galactose. No fermentation of saccharose, lactose and raffinose. 

SACCHETTI (1932 a,b) described a yeast isolated from a concentrated grape must. 
This yeast which greatly resembles Zygosacch. gracilis was classified by him as a 
variety, i.e. Zygosacch. gracilis var. italicus. 

LoppDER (1932) described a yeast isolated from artificial honey prepared in the 
Dutch province of Drente as Zygosacch. major var. threntensis. This variety differed 
from the description of Zygosacch. major as given by STELLING—DEKKER in the 
more oval shape of the cells and in not fermenting saccharose and raffinose. 

Two other synonyms are mentioned by us with a question mark, i.e. Zygo- 
saccharomyces vini Naganishi and Zygosaccharomyces dairensis f. II Naganishi. 
Since the original descriptions from 1928 are written in Japanese we unfortunately 
could not read them. From the drawings and photos in NaGAnisuHi’s publication 
we could draw only the following minor information on these yeasts. 

Zygosaccharomyces vini, isolated from red wine, forms round to oval or oval to 
long-oval or elongate cells, single or in pairs. Asci are formed after iso- or hetero- 
gamous conjugation. Conjugation was often not observed. Spores are round to 
oval; 2—3 per ascus. 

Zygosaccharomyces dairensis forma II, isolated from apple jelly, forms round to 
short-oval cells or also elongate cells. Iso- or heterogamous conjugation precedes 
ascus formation. 1 or 2 round spores per ascus. 

STELLING-DEKKER (1931) studied authentic strains of both yeasts. The fermen- 
tation results found by her were not in agreement with our results. She observed 
a fermentation of glucose and a very weak fermentation of saccharose and raffinose, 
but not of maltose. She maintained Zygosacch. vini and considered Zygosacch. 
dairensis f. II identical with Zygosaccharomyces bisporus Naganishi. 





: 68 Original description and historical survey of the variety 


Zygosaccharomyces polymorphus of which the specific name has been given to this 
variety will be first discussed. 

Kroemer and Krumpyorz (1931) and Krumpuotz (1931) described this yeast 
isolated from concentrated grape must and from ripe grapes. Probably they had 
mentioned it before, in 1927, 1928, 1929 and 1930. Their description runs as follows: 

In malt extract, in yeast extract with maltose and in grape must cells are 
usually round, oval or oviform, (3,5 —4,5) X (5—7) mp. Cells are in short chains. 
Chains of elongate cells also occur but not in musts with a high sugar concentration. 


A yeast ring is formed. 
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On grape must gelatin and on yeast extract gelatin a pseudomycelium is 
formed after a few weeks. ~~ 

Spores are formed on must gelatin or on yeast extract gelatin. Spores are round 
to obovoid or somewhat longer, diameter 3—3,5 mu or 4 w. Usually 3 or 4 spores per 
ascus. Isogamous conjugation usually precedes ascus formation, rarely heterogamous 
conjugation or no conjugation. 

Fermentation: Glucose (fructose, mannose) and maltose are fermented, not 
saccharose, lactose and raffinose. 

The authors distinguished three forms: i.e. f. typica, f. stellata and f. craterica. 
Forma stellata is characterized by the formation of stellated chains of cells in the 
yeast ring, forma craterica by its crater-like formations in the centre of the giant 
colony on saccharose yeast extract gelatin. 


The other synonyms mentioned under aa will now be shortly discussed. 

Zygosaccharomyces amoeboideus was isolated by KROEMER and KRuMBHOLZ from 
strawberry juice. According to the authors this yeast is different from Zygosacch. poly- 
morphus because, besides isogamous conjugation also frequently heterogamous conju- 
gation occurs and because ameboid cells and conjugation tubes were observed. 

LoppeErR (1932) classified this strain as a variety of Zygosacch. cavarae Rodio, 

. de. as Zygosacch. cavarae var. amoeboideus. 

Zygosaccharomyces citrus was isolated from lemonade made of oranges and lemons. 

Zygosaccharomyces felsineus1) was isolated from concentrated grape must. 
According to SACCHETTI (1932a, b, 1939) this yeast resembles Zygosaccharomyces 
variabilis, but the shape of the cells is less variable. 

Zygosaccharomyces dairensis Naganishi f. I is mentioned among the synonyms 
with a question mark, since we could not read NaGANIsuHt’s description of this yeast, 
which was written in Japanese. From the drawings and photos in NAGANISHI’s 
publication (1928) we could make out that the cells are short-oval to long-oval, 
single, in pairs or in long branched chains; a pseudomycelium is also formed. 

An isogamous or heterogamous conjugation precedes ascus formation. The spores 
are round; 1—2 per ascus. 

This yeast was isolated from apple jelly. 

STELLING—DEKKER who studied an authentic strain, found — unlike our results — 
besides a fermentation of glucose also a very weak fermentation of saccharose and 
raffinose, but not of maltose. 


y Standard description of Saccharomyces rouxii 


Growth in malt extract: After 3 days at 25° C. cells are 
round or oval, single, in pairs or in short chains. Round to oval cells 
measure (3,5—7,3) x (47,8) mw, oval cells (3—5,5) x (4,5—9,5) lu 
(Fig. 26); occasionally bigger cells measuring (5,2—7,7) x (6—9,5) mw. 
A sediment is formed and often a thin ring. 

After one month at 17° C. a sediment and usually a ring are formed. 

Growth on malt agar: After 3 days at 25° C. cells are found 


) This specific name is derived from Felsina, the old (Etruscan) name of the 
Italian town Bologna. 
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in all transitions from round to oval. They are single, in pairs or in short 
chains. They measure (2,5—5, occasionally to 6) x (3,5—8,5) wm. 

The streak culture after one month at 17° C. is dull, cream-colored to 
yellowish, often raised, frequently covered with little warts or wrinkled 
all over the surface, but strains with a smooth surface are also found. 

Slide cultures: Usually no pseudomycelium, occasionally a 
rudimentary pseudomycelium which is not characteristic. 

Sporulation?): Isogamous or heterogamous conjugation may 
precede ascus formation, but often there is no conjugation immediately 
preceding ascus formation. 1—4 spores are formed per ascus, often 2. 
The spores are round to slightly oval. 





Fic. 27 — Sacch. rouxii var. 
Fig. 26 — Sacch. rouxw polymorphus 
After 3 days in malt extract After 3 days in malt extract 
Fermentation: Glucose + Maltose + (often weak) 
Galactose — Lactose — 
Saccharose — 
Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose — 
Saccharose — 


Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: No growth or a 
very weak growth. 

Splitting of arbutin: Absent. 

Growth on concentrated sugar medium’?): Good 
growth. 

1) Only in 4 of the 33 strains belonging to species and variety spore formation 
could be observed. This may be due to the haploid stage of the cells in which 


mutation comes easily to expression. 
2) his property is only mentioned for the species Sacch. rouxii and variety 
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yy Supplementary description of Saccharomyces rouxii var. poly- 

morphus 

Growth in malt extract: After 3 days at 25° C. cells are 
oval to long-oval or elongate. The cells are single, in pairs, in short chains 
or in long, branched chains. The dimensions range from (3—6,5) x 
(4,5—16,5) w (Fig. 27). 

Growth on malt agar: After 3 days at 25° C. cells are oval 
to long-oval or elongate. The cells are single, in pairs, in short chains 
but also in long, branched chains. They measure from (2—5,5) x 
(4,5—15,5) uw. 

The streak culture after one month at 17° C. is cream-colored to 
yellowish, dull, the entire surface covered with warts or wrinkled. 
Exceptionally the surface is smooth. 

Slide cultures: Usually a well-developed pseudomycelium is 
formed. Infrequently the pseudomycelium is poorly developed or absent. 


6 Discussion 


In this species and variety are brought the Saccharomyces strains which 
ferment glucose and maltose and which assimilate glucose, galactose and 
maltose. 

In the species are gathered the strains with round or oval cells in 
young malt extract or on young malt agar cultures. A well-developed 
pseudomycelium is not formed. 

The strains which form in young malt extract and malt agar cultures 
besides round to oval cells also elongate cells are separated from the 
species in a variety. Usually these strains are capable of forming a 
pseudomycelium. It will be clear that there is no sharp demarcation 
between species and variety, but that there are transitions. Generally it 
was, however, not difficult to make a separation between the two. 

According to the original descriptions of this species and of the 
synonyms of species and variety conjugation preceding ascus formation 
was usually observed. Therefore nearly all the synonyms were classified 
in the genus or subgenus Zygosaccharomyces. Since we do not accept a 


genus or subgenus Zygosaccharomyces the species belongs to the genus 
Saccharomyces. 


and Sacch. mellis, because most of the strains reported to be osmophilic proved 
to belong to one of these two species, whilst subsequently it was found that all 
strains which for other reasons were brought to these species, were indeed 
characterized by their osmophily. 

~ ‘ ; ' , 

The concentrated sugar medium contains 60 % (w/w) glucose in yeast agar, 
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Our standard description is in good agreement with the original 
descriptions of Saccharomyces rouxii Boutroux and its synonyms. Since 
Saccharomyces rouxii is the oldest name given to this species, it is the 
only valid one. 

Two synonyms of the variety: Zygosacch. polymorphus and Zygosacch. 
amoeboideus date from the same year. Because the name polymorphus 
seems the more suitable of the two we propose to name this variety 
Saccharomyces roux var. polymorphus. 

Besides strains labeled with the names of the synonyms as mentioned 
under a and aa also strains were received labeled otherwise. These names 
are no synonyms, because the original descriptions of the yeasts to which 
these names were given do not agree with the standard description, 
mainly not in the sugar fermentation. 

The following of these strains are identical with Sacch. rouxiv: 

Zygosaccharomyces nadsonii Guilliermond 

Zygosaccharomyces major Takahashi et Yukawa 

Zygosaccharomyces cavarae Rodio var. beauverie Beauverie 

Zygosaccharomyces nussbaumeri Lochhead et Heron 

Zygosaccharomyces rugosus Lochhead et Farrell. 


To the variety belong the following of these strains: 

Zygosaccharomyces barkeri Saccardo et Sydow 

Zygosaccharomyces salsus Takahashi et Yukawa var. saccharosum 
Takahashi et Sano 

Zygosaccharomyces mellis Fabian et Quinet 

Saccharomyces behrensianus (Behrens) Klécker. 


For Zygosaccharomyces nadsonit GUILLIERMOND (1915, 1918) mentioned 
the fermentation of glucose and saccharose, not of galactose, maltose and. 
lactose. STELLING-DEKKER (1931) who studied an authentic strain 
observed a fermentation of glucose only, whereas we found in the same 
strain also a distinct fermentation and assimilation of maltose. 

TAKAHASHI and YuKawa (1915) especially mentioned that Zygo- 
saccharomyces major differs from Zygosacch. salsus in fermenting saccharose. 
SrELLING-DEKKER (1931) observed also besides the fermentation of 
glucose and maltose a very weak fermentation of saccharose and raffinose. 
In our tests saccharose was neither fermented nor assimilated. 

According to BEAUVERIE (1929) Zygosacch. cavarae var. beauverie 
ferments glucose and saccharose weakly, but not maltose and lactose. 
This yeast was classified as a variety of Zygosaccharomyces cavarae Rodio, 
isolated by Ropro (1924) from dates and rather incompletely described 
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by him. SteLLInGc—DEKKER (1931) who studied an authentic strain of 
the variety could confirm BrauveERtz’s results. LoppER (1932) studying 
the same strain found a weak fermentation of maltose. This was also 
observed by us, but saccharose was negative in our assimilation- and 
fermentation tests. 

The strain of Zygosaccharomyces nussbaumert Lochhead et Heron was 
identified by SaccHETtr (1932c). According to him this yeast ferments 
glucose and maltose and very weakly galactose. This is in good agreement 
with our results. Since galactose is assimilated a difference between a very 
weak fermentation of galactose or no fermentation is not important. But 
SaccHETti’s fermentation results do not agree with the original des- 
cription of Zygosacch. nussbaumeri of 1929, according to which this yeast 
ferments glucose, saccharose and maltose. 

According to LocHHEaD and Farreu (1931, LocHHEAD 1942) Zygo- 
saccharomyces rugosus should ferment glucose, saccharose and maltose. 
In our tests the authentic strain did neither ferment nor assimilate 
saccharose. 

Zygosaccharomyces barkeri was described but not named by BarKER 
(1901, 1902). Saccarpo and Sypow (1902) gave this yeast its name. 
BaRKER reported this yeast to ferment glucose and saccharose slightly. 
STELLING—DEKKER could confirm these results, although the fermentation 
of saccharose was very weak. She did not study an authentic strain, 
however. We observed in the same strain no fermentation or assimilation 
of saccharose, but a weak fermentation of maltose. 

Zygosaccharomyces salsus var. saccharosum was described in 1922 by 
TaKAHASHI and Sano. According to them this yeast is different from 
Zygosaccharomyces salsus, because saccharose and raffinose are fermented. 
We could not confirm these results, but we did not study an authentic 
strain. 


The strain labeled Zygosaccharomyces mellis Fabian et Quinet was 


identified by SaccuErri (1932 c). He observed a fermentation of glucose 


only. A very weak fermentation and assimilation of maltose was observed 
by us in the authentic strain. 

The strain of Saccharomyces behrensianus (Behrens) Klécker investigated 
was identified as such by Fasran and Hazy in 1933. KL6cKER (1924), 
however, did not classify BEHRENS’ or ganism in the genus Saccharomyces 
but in the genus Saccharomycodes. From BEHRENS’ description (1896) it 
is not clear whether a Saccharomyces or a Saccharomycodes has been 
studied by him. The name Saccharomyces (Saccharomycodes) behrensianus 
which causes confusion should, therefore. be av oided in future. 


a 
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FaBIan and Hat1’s description of this yeast is in good agreement with 
our standard description. 


Nearly all the strains belonging to the species or variety were isolated 
from highly concentrated media, either with sugar or with salt. They are 
able to grow in these concentrated media and belong to the so-called 

“osmophilic” or ‘‘osmotophilic” yeasts. The latter term was proposed by 
NICKERSON (1943). 

They seem to have a strong tendency to live in the haplophase in these 
media and to lose easily the ability to form ascospores. 

Various authors observed in the strains the ability of fermenting 
saccharose. STELLING—DEKKER who had studied many of our strains found 
several strains capable of fermenting saccharose, although always very 
weakly. She could only ascertain this fermentation by using the quanti- 
tative fermentometer after v. IrERSON-KLUYVER. 

It is striking that we, on the contrary, found our strains unable not + 
only to ferment saccharose, but even to use it aerobically for growth. 

In this respect an observation recently made by Scarr (1951) is 
of much interest. She stated that the osmophilic yeasts she found in 
molasses and intermediate sugar refining products were unable to attack 
saccharose. However, in lightly buffered solutions at pH values of + 5, 
some of these yeasts are able to produce from traces of invert sugar 
present acid in such quantity that a gradual inversion of the saccharose 
takes place. Multiplication occurs during this process at the cost of the 
invert sugar formed. 

It can be understood that through the continual lowering of the pH 
value ultimately so much invert sugar may be formed that even the 
production of carbon dioxide will be perceivable in the fermentation test. 

It seems, therefore, very probable that the contradictory results of the 

er yetgre fermentation tests can be ascribed to a difference in pH or 
buffering capacity of the medium used. 


e Origin of the strains belonging to the species 


19 strains were studied. 

Two strains, labeled Saccharomyces rouxii were received in 1942 from WINDISCH 
(Germany). No further details are available. 

Strains labeled Saccharomyces soya, Zygosaccharomyces salsus and Zygosacch. major 
were received in 1927 from NAGANISHI (Japan). The strains were isolated in the 
“Inst. Brew.” at Tokyo. In 1929 authentic strains of Zygosacch. vini and Zygosacch. 
dairensis f. IL were obtained from NAGANISHI. The first one had been isolated from 


red wine, the second one from apple jelly. 
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The strain labeled Zygosaccharomyces japonicus was received in 1912 from 
GUILLIERMOND (Paris). 

In 1919 GuitLrERMOND sent an authentic strain of Zygosacch. nadsonii isolated 
from syrup made of peels of bitter oranges. 

Authentic strains of Zygosacch. variabilis and Zygosacch. gracilis were received in 
1931 from KrormMErR (Germany). The first strain was isolated from ‘“‘edelfaulen 
Rosinen”’, the second one from contaminated white wine of Portuguese origin. 

The authentic strain of Zygosacch. major var. threntensis was received in 1931. 
It had been isolated in Holland from artificial honey. 

BEAUVERIE (France) sent the strain of his Zygosacch. cavarae var. beawverie, 
isolated from the surface of a date. 

The authentic strain of Zygosaccharomyces gracilis var. italicus and a strain labeled 
Zygosaccharomyces nussbaumeri were received in 1932 from Saccuertt (Italy). The 
first one was isolated from concentrated grape must, the second one from fermenting 
honey. 

The authentic strain of Zygosacch. rugosus was received in 1933 from LocHHEAD 
(Canada). It had been isolated from normal honey. 

Two strains were not labeled. They were isolated in Holland from an unknown 
source, 

One strain was obtained in 1950 from Mossert (Holland) isolated from sugared 
fruits. 


© 


Since no authentic strain of Saccharomyces rouxii was available, the 
authentic strain of Zygosaccharomyces gracilis var. italicus, one of the 
two strains still capable of forming spores, has been chosen as the type 
strain of this species. 


ee Origin of the strains belonging to the variety 


14 strains were studied. 

Three authentic strains of Zygosacch. polymorphus, i.e. f. typica, f. stellata and 
f. craterica and an authentic strain of Zygosacch. amoeboideus were received in 1931 
from KRoEMER (Germany). The first two strains were isolated from concentrated 
grape must, f. craterica from ripe grapes and Zygosacch. amoeboideus from straw- 
berry juice. 

The authentic strain of Zygosacch. citrus was isolated in the “C.B.S8.” from 
lemonade made of oranges and lemons. 

The authentic strain of Zygosacch. felsineus and a strain labeled Zygosacch. mellis 
were received in 1932 from SaccHertr (Italy). The first strain was isolated from 
concentrated grape must, the second strain from honey. 

An authentic strain of Zygosacch. dairensis f. I was received in 1929 from 
NAGANISHI (Japan). It was isolated from apple jelly. 

One strain labeled Zygosacch. barkeri originated from BErIJERINCK’s collection. 
Further details are not available. A second one was identified by Fastan and Haut 
(1933) and isolated from maple syrup. It was received in 1934 from FaBIan (U.S.A.). 


A strain labeled Zygosacch. salsus var. saccharosum was obtained in 1939 from 
the “A/T.C.0,"*. 
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A strain labeled Saccharomyces behrensianus was isolated from maple syrup and 
received from Fasran (U.S.A.) in 1934. 

Two strains were not labeled. One was isolated in the “C.B.S.” from candied 
lemon peel, the other one was isolated in England from British beet sugar. 


Of the three authentic strains of Zygosacch. polymorphus the one labeled 
f. stellata — the only strain which is still capable of producing spores — 
has been chosen as the type strain of the variety. 


4, SACCHAROMYCES EXIGUUS HANSEN 


6 Original description and historical survey 


ReEEss (1870) established this species. His description, which mainly says that 
the cells are conical or top-shaped, 2,5 x 5 mw, sporulating with 2—3 spores per 
ascus, is not very specific. 

HANSEN (1888) studied a strain isolated from compressed yeast which he con- 
sidered identical with Sacch. exiguus. He defined the species more sharply in the 
following description: 

In malt extract: Cells are small, no mycelium. A ring and after some months 
a weak pellicle is formed. 

Sporulation: Very difficult. 

Fermentation: Glucose + Maltose — 

Saccharose + Lactose — 

STELLING-DEKKER (1931) described a strain of Sacch. exiguus originating from 
the “Inst. Brew.” at Tokyo as follows: 

In malt extract: Cells are round to oval, (3,5—5,5) x (4—7) mu, occasionally 
in chains. A sediment and a thin ring are formed. 

Sporulation: No spores were observed. 


Fermentation: Glucose + Maltose — 
Galactose + Lactose — 
Saccharose + Raffinose + 14 


y Standard description of Saccharomyces exiguus 


Growth in malt extract: After 3 days at 25° C. cells are 
round to oval, (2,5—4,5) x (4-7) u, 


O single or in pairs (Fig. 28). A sedi- 
O ment is formed. 
E gE» ©) > After one month at 17° C. only a 
sediment is formed. 
<) O malt agar: 


Cy Sy 0) Growth on 
After 3 days at 25° C. cells are oval, 
Ge" er 3 days at 25 


(2,5—4) x (3,5—6) mw, single or in 
Fic. 28 -- Sacch. exLIGUus pairs. 
sp cine hives fo Mierinlitt After one month at 17° C. the 


streak culture is light cream-colored, shining, flat and smooth. 
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Slide cultures: No pseudomycelium is formed. 
Sporulation: According to ReEss 2—3 spores are formed per 
ascus; HaNnsEN could only rarely observe spore formation '*). 


Fermentation: Glucose + Maltose — 
Galactose + Lactose — 
Saccharose + Raffinose + 1 
Sugar assimilation: Glucose + Maltose — 
Galactose + Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth or very 
weak growth. 
Splitting of arbutin: Absent. 


6 Discussion 

Although Regss originally gave the name to this species, his description 
is so incomplete, that we cannot accept it as valid. We, therefore, recognize 
HANSEN as the author of this species. 

Spores were no longer observed in the strains studied, but since HANSEN 
found a few spores and since the second strain formed spores when it was 
freshly isolated, this species is inserted among the Saccharomyces species. 

Sacch. exiguus has to be regarded as the perfect form of Torulopsis 
holmi. 


e Origin of the strains studied 


2 strains were studied. 

One of them was obtained from the “C.L.M.R.” (Dairen, Manchuria) in 1929. 
It originated from the “Inst. Brew.” at Tokyo. 

The second strain had been isolated from buttermilk in Holland in 1938. 


The strain obtained from the “C.L.M.R.” has been chosen as the type 
strain of the species. 


5. SACCHAROMYCES MARXIANUS HANSEN 


a Synonyms 


Zygosaccharomyces marxianus (Hansen) Guill. et Negroni (1929) 
Saccharomyces fragrans Beijerinck (1895) 

Saccharomyces muciparus Beijerinck (1908) 

Zygosaccharomyces ashbyi Cordroe’h (1936) 

Saccharomyces macedoniensis Diddens et Lodder (1939) 





') In our strains no spores were observed. 
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6 Original description and historical survey 


Marx isolated a yeast from grapes. HANSEN (1888) named it after him Saccha- 
romyces marxianus and gave the following description: 

Growth in malt extract: Cells are oval or ovoid, besides sausage-shaped 
cells in chains forming mold-like flocks. After two or three months a thin pellicle 
is formed. 

Sporulation is difficult. After two or three months spores are found in the 
pellicle. Spores are reniform, but besides there are also round or oval spores. 

Fermentation: Glucose + Maltose — 

Saccharose + 

GUILLIERMOND and NEGRONTI (1929) also studied this yeast. It is, however, 
doubtful whether they studied a culture of Hansrn’s authentic strain. They 
observed an abundant sporulation on carrot after desiccating the culture at 50° C. 
Frequently the asci were formed after a heterogamous conjugation. Usually 
1—3 ascospores were formed, occasionally 8. The spores were round, oval or 
reniform, 2,5 x (3,8—4) uw. The ascospore wall ruptured easily. 

On account of these observations the French authors classified this yeast in the 
genus Zygosaccharomyces. 

STELLING—DEKKER (1931) who studied the strain of GuILLIERMOND and NEGRONI 
could confirm their observations and included this species in the subgenus Zygo- 
saccharomyces. 

SAccHETTI (1939) found that inulin is fermented by this yeast. 


The other synonyms of Sacch. marxianus will now be briefly discussed. 

Saccharomyces fragrans has to be regarded as a synonym of both Sacch. 
marxianus and Candida macedoniensis, the imperfect form of Sacch. marzxianus. 
BEIJERINCK’s description of Sacch. fragrans and a discussion of this species are 
given under C. macedoniensis, cf. p. 536. 

Saccharomyces muciparus was described by BEIsERINCK in 1908. He found this 
yeast as an infection in so-called ‘‘Lufthefe’’ thus indicating yeast propagated under 
aeration. He gave the following description: 

This yeast is very variable, almost pleomorphic. In old gelatin cultures two 
forms were found, i.e. round or ellipsoidal cells and mycelial threads. The yeast 
has rather small cells; the ellipsoidal cells measure + 4—6 yw in diameter; the 
mycelium becomes very long, but remains thin. 

Spore formation was only rarely observed. 

The yeast fermented saccharose but not maltose or lactose and much resembled 
Sacch. fragrans. 

According to BEWwERINCK this yeast forms a flocculent sediment. BEIJERINCK 
thought that this flocculation was caused by slime adhering to the cells. That was 
probably why he named this yeast muciparus which means slime-forming. 

Asupy isolated in Tanganyika from a rotting leaf of sisal (Agave arigida var. sisala - 
na) a yeast which CorpRroc’sH described in 1936 and named Zygosaccharomyces ashbyi. 

According to the author this yeast could not be identified with Zygosacch. 
marxianus because the cells are smaller than those of Zygosacch. marxianus and 
less pseudomycelium is formed, isogamous conjugation predominates whereas in 
Zygosacch, marxianus heterogamous conjugation prevails and the aspect of streak 
cultures and giant colonies is different. 
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To SaccHErtt (1939) the differences between the two yeasts are not so important 
as to justify a separation of the two into different species. They might be better 
valued in classifying CorDROC’H’s yeast as a variety of Zygosacch. marxianus. 

The name Saccharomyces macedoniensis was proposed by DippENs and LODDER 
(1939) for six strains which had been originally classified by others among the 
asporogenous yeasts. They had been partly identified with Candida macedoniensis, 
partly with Candida pseudotropicalis. These yeasts, however, appeared to be able 
to sporulate and to be mutually identical. Except that they could form ascospores 
they were fully identical with Candida macedoniensis. Therefore the name Sacch. 
macedoniensis was given to this species. 

In 1947 LoppER pointed to the fact that the only difference between Zygosacch. 
marxianus and Sacch. macedoniensis is that in the former conjugation before ascus 
formation may be observed, but not in the latter. By making one-sporg cultures 
she succeeded in getting ascus formation without previous conjugation iy a strain 
of Zygosacch. marxianus and with previous conjugation in a strain of Sacch, macedo- 
niensis. This led to the conclusion that both yeasts, Zygosacch. maréfanus and 
Sacch. macedoniensis belong to the same species, which should be named by 
HANSEN’s old designation Sacch. marxianus. This species is met with in the 
haplophase (Zygosacch. marxianus) as well as in the diplophase (Sacch. macedoniensis). 
When kept for long stretches on malt agar the yeast shows a tendency to change 
from the haplophase into the diplophase. 


y Standard description of Saccharomyces marxianus 


Growth in malt extract: After 3 days at 25° C. cells are 
oval, (2—6) x (3,5—11) yw, single or in pairs. ne long pseudo- 
mycelial cells are found, ad- 


hering to each other in chains. aay 

The diameter of these cells mee ya AU Un 
varies from 2—3,9 u (Fig. 29). 67 ¢ 29 
Some strains form no pseudo- ~ ie & 

mycelial cells in malt extract, 

whereas others do to a large () “i saat a 
extent. A sediment and a fy GQ QY’ 

thin ring are formed. i 

After one month at 17° C. Fie. 29 — Sacch. marxianus 
a ring and a sediment are After 3 days in malt extract 
formed; occasionally a few islets. 

Growth on malt agar: After 3 days at 25° C. cells are oval 
to long-oval, (2,4—5,7) x (4,4—14,3) ft. Usually long pseudomycelial 
cells in chains are formed. The diameter of these cells varies from 
2,2—3,9 mu. 


The streak culture after one month at 17° C. is glistening, cream- 
colored to slightly pinkish, either smooth or covered with wrinkles or 
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warts to wrinkled all over the surface; the border is slightly lobated and 
occasionally fringed by pseudomycelium. 
The strains show good growth at 40° C. Ay 


Slide cultures: Usually an abundant pseudomycelium is formed 


of the “Mycocandida”’-type (Fig. 30). Exceptionally the pseudomycelium 
formation is reduced. 





Fic. 30 — Sacch. marxianus 
Slide culture, potato agar 


Sporulation?): Usually spores are easily formed. They are 
reniform or oval, and easily liberated from the ascus. 1—4 spores per 
ascus (Fig. 31). 


1) The growth at a temperature of 40° C. and the fermentation of inulin were 
studied in these strains, since these properties were especially ascribed to this 
species. 

2) Only 1 of the 10 strains studied had lost its ability of forming ascospores. 
At the time the sporulation tests were made conjugation preceding ascus formation 
was not observed, although before it had been found in a few strains. The spores 


very readily germinate. 
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Fermentation: Glucose + Maltose — 
Galactose + (often weak) Lactose — 
Saccharose ++ Raffinose + 14 


Inulin 4) + | 
Sugar assimilation: KP? e 


Glucose + Maltose — 
Galactose + Lactose 2) + (often weak) ¢ & 
Saccharose + \ rey 


Assimilation of potassium nitrate: 
Absent. 

Ethanol as sole source of carbon: Fic. 31 
Growth occurs, but occasionally the growth is weak. Sacch. marxianus 


Splitting of arbutin: Positive, but oc- Spores Onis aie. 
KOWA agar after 


casionally weak. 5 days (strain from 
Ciferri and Redaelli) 

6 Discussion 

Saccharomyces marxianus is a well defined species and can be easily 
recognized. 

The descriptions given by HansEN and by other authors are in good 
agreement with the standard description. 

It is true that the strain of Zygosacch. ashbyi falls behind in the formation 
of pseudomycelium in comparison with the other strains and that its 
cells are slightly smaller. Still we do not consider these differences important 
enough to separate this strain from the others in a variety. 

One strain did not assimilate lactose, whereas the nine other strains 
did. Since in many of these strains, to be exact in six of the nine, the 
lactose assimilation was only positive after three weeks, the difference 
between non-lactose assimilating strains and lactose assimilating strains 
was not very distinct. Therefore we have included in this species also 
the non-lactose assimilating strain. 

As has been stated by Saccuertit (1939) Sacch. marxianus is very 
closely related to Sacch. fragilis. The main difference with the latter species 
is that Sacch. marxianus cannot ferment lactose. 

Further Sacch. marxianus is the perfect form of Candida macedoniensis. 


e Origin of the strains studied 
10 strains were studied. 


One strain, labeled Zygosacch. marxianus was obtained in 1922 from Scunree 


1) (Cf. note 1 on p. 157. 
2) One strain did not assimilate lactose. 
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(Germany). It is the strain studied by GumirmeRMOND and Nrcronr and by 
STELLING—DEKKEER. A second strain, labeled Zygosacch. marxianus was received in 
1939 from: SaccHerti (Italy). It was isolated from sewage of a sugar factory. This 
strain did not assimilate lactose. 

An authentic strain of Sacch. muciparus was received from BErlsERINCK. It was 
isolated from ‘‘Lufthefe’” where it was found as a contamination. 

A strain of Zygosacch. ashbyi came in 1936 from GUILLIERMOND (Paris). It was 
isolated from a rotting leaf of sisal. 

Six strains were labeled Sacch. macedoniensis. They were the strains studied by 
Dippens and Lopper. Four of these strains originally came from CAsTELLANI 
(London). Nothing is known about the substrate from which they had been isolated ; 
but it may be possible that some of them came from sputum, since CASTELLANI 
originally isolated Monilia macedoniensis from sputum. One strain came in 1934 
from CIFERRI and REDAELLI (Italy). The sixth strain was obtained from the 
“A.T.C.C.” in 1935. No further details are known. 


It may be possible that some of the six last strains are of human origin. 


The first mentioned strain, studied by GUILLIERMOND and NEGRONI and 
obtained from Scunece has been chosen as the type strain of this species. 


6. SACCHAROMYCES BAILII LINDNER 


a Synonyms 
Zygosaccharomyces bailii (Lindner) Guilliermond (1912) 


6 Original description and historical survey 


LINDNER isolated this yeast from ‘Danziger Jopenbier’’. The wort used for the 
anufacture of this beer is very concentrated (50° Bllg). In 1895 he gave the 
ollowing description: 

The cells are large, slightly elongate and have a strong cell wall. According to 
INDNER’s drawing they often adhere to each other in long tree-like formations. 
In malt extract a sediment is formed, but no pellicle. After cultivation for a 
ong time in malt extract a weak aromatic odor is produced. 

The streak culture on malt gelatin is greyish-white, glistening and sharply 
limited. In old cultures spores are formed, and often ameboid-like cells. The spores 
re very refractive. According to LINDNER’s drawing heterogamous conjugation 
nd parthenogenesis occur. Spores are round to slightly oval. 2—4 spores are formed 









n the ascus. 

Glucose is fermented. In the first edition of his ‘“Mikroskopische Betriebskontro lle”’ 
in 1895 LINDNER stated that saccharose is also weakly fermented, but in the second 
dition of 1898 and in later editions LriypNeR mentioned the fermentation of 


zlucose only. 


Ker ay | coiandeaeek: om. 
LINDNER named this yeast Saccharomyces bailii after the scientist Baru fr 


Jantzig. 
Since it is clear from L : 
1912) classified it in the genus Zygosaccharomyces, STELLING -DEKKER 


INDNER’s drawing that conjugation occurs in this yeast 


}UILLIERMOND ( 
1931) in the subgenus Zygosaccharomyces. 
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y Standard description of Saccharomyces bailit 


Growth in malt extract: After 3 days at 25° C. cells are 
large, oval, single or in short chains, (4,3—6,9) x (7,2—10,3) yw (Fig. 32). 
Little flocculent sediment is formed. 

After one month at 17° C. only a sediment is formed. 

Growth on malt agar: 
After 3 days at 25° C. cells are 
oval to elongate, united in large 
branched chains, (3,9—6,5) x 
x (5,6—16,6) ju. 

After one month at 17° C. the 
streak culture is cream-colored, 
closely wrinkled all over the 
surface. 

Slide cultures: A not 
very characteristic pseudomyceli- Z 3 
um is formed. Fie. 32 — Sacch. bailii 

Sporulation}): A hetero- After 3 days in malt extract 
gamous conjugation may precede 
ascus formation, but often no preceding conjugation is observed; 2—4 
spores are formed. 

Fermentation: Glucose + Maltose — 

Galactose — Lactose — 
Saccharose — 
Sugar assimilation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 

Assimilation of potassium nitrate: -Absent. 

Ethanol as sole source of carbon: No growth. 

Splitting of arbutin: Absent. 





6 Discussion 


The standard description is in good agreement with LrypNER’s des- 
eription of Sacch. bailii. Only spore formation was not observed by us. 
Already in 1931 Srettrvc—DexKKeEr did not find spores in the same strain. 

Since we do not accept a genus or a subgenus Zygosaccharomyces this 
yeast should be designated again Saccharomyces bailii Lindner. 


*) In the strain studied no spores were observed, 
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e Origin of the strains studied 


Only 1 strain was studied. 
This strain was received in 1927 from NAGANISHI (Manchuria). It originated from 
the “Inst. Brew’. at Tokyo. No further details are available. 


7. SACCHAROMYCES LOGOS VAN LAER ET DENAMUR 


a Synonyms 


Saccharomyces brasiliensis Lindner (1905) 


6 Original description and historical survey 


This yeast was isolated by Van LarR and DrENnAmuR from yeast used for 
fermentations by the Logos brewery at Rio de Janeiro. Probably this yeast 
originates from a spontaneous fermentation in sap from sugar-cane. 

According to VAN LarER and DrNnamurR (1895) the cells resemble those of 
Sacch. pastorianus. They remain together in packets. These packets are branched 
and easily sink to the bottom. Van LarrR and Denamur did not classify this yeast. 
They mentioned it as “‘levure Logos’’ and so it is generally designated in the 
literature. 

LINDNER (1905) named it Sacch. brasiliensis but this name has not found 
acceptance. He mentioned that glucose (fructose, mannose), galactose, saccharose, 
maltose, raffinose and melibiose are fermented. Drawings of the yeast with long-oval 
cells and asci with 3 or 4 spores are given. 

JORGENSEN (1909) named it Sacch. logos v. Laer et Denamur and STELLING— 
DEKKER (1931) followed him. Her description is covered by the standard description. 


y Standard description of Saccharomyces logos 

Growth in malt extract: After 3 days at 25° C. cells are 
large, long-oval to elongate, single or in pairs. They measure (4,3—7,3) x 
(8—22) w (Fig. 33). A sediment 
is formed. 

After one month at 17° C. a 
heavy broken ring and a sediment. 

Growth on malt agar: 
After 3 days at 25° C. cells are 
large, elongate, single or in pairs, 
(3,46) X (11,6—20) p. 

After one month at 17° C. the 
streak culture is glistening, cream- 
colored, almost smooth, a very 
small margin is fringed by pseudo- 





Fic. 33 — Sacch. logos 
After 3 days in malt extract 


mycelium. 
Slide cultures: On corn meal agar a well-developed pseudo- 
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mycelium is formed, consisting of branched chains of elongate cells. 
Sporulation!): Spores are round or slightly oval, 1—4 per ascus. 


Fermentation: Glucose + Maltose + 
Galactose + Lactose — 
Saccharose + Raffinose + complete 
Sugar assimilation: Glucose + Maltose + 
Galactose ++ Lactose — 


Saccharose ++ 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Very weak growth. 
Splitting of arbutin: Absent. 


6 Discussion 


This yeast has been described very incompletely by Van LAER and 
DenamuR. The results of our fermentation tests are, however, in good 
agreement with those given by LINDNER; STELLING—DEKKER’s description 
and our results are alike. Therefore we may consider this strain as identical 
with Van LaEeR and DENAMUR’s Logos yeast. 

The name Sacch. logos v. Laer et Denamur is not right according to 
the Intern. Rules of Botan. Nomenclature, since VAN LAER and DENAMUR 
merely named it “levure Logos”. Its proper name is the name given by 
LINDNER in 1905: Sacch. brasiliensis. Since, however, this yeast is widely 
known as “Logos yeast”? and not as Sacch. brasiliensis, we will—to 
avoid confusion—follow J6RGENSEN and STELLING—DEKKER in retaining 
the name Sacch. logos. 


e Origin of the strains studied 


Only 1 strain was studied. 
It was received in 1927 from LINDNER (Berlin), 


8. SACCHAROMYCES BAYANUS SACCARDO 


6 Original description and historical survey 


WILL isolated this species from turbid beer in which it caused a disagreeable 
flavor. He labeled it Saccharomyces II and gave in 1891 the following description: 

In malt extract: Cells are ovoid or elongate, (6—6) x (7—11) yw, occasionally 
(2—3) x 30 w. A pellicle is formed. 

Sporulation: Spores are formed; 1—4 per ascus. 

Fermentation: Saccharose +. 


: , . 
) The only strain studied formed spores on GoropKowA agar and on the V8 
medium, Germination of the spores was observed, 
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Bay mentioned this species in 1893, but gave no description. 

SaccarpDo (1895) named it Saccharomyces bayanus. 

GUILLIERMOND (1912) recorded the fermentation of glucose, saccharose and 
maltose, not of lactose. 

STELLING—DEKKER (1931) studied a strain obtained from the “C.L.M.R.”’, Dairen, 
and gave the following data: 

In malt extract: Cells are long-oval, (3—6) x (8—18,5) #, Single or in pairs. 
A sediment, a ring and occasionally a pellicle is formed. 

Sporulation: The spores are round; 1—4 per ascus. 


Fermentation: Glucose + Maltose + 
Galactose — Lactose — 
Saccharose + Raffinose + 


Assimilation of potassium nitrate: Absent. 


y Standard description of Saccharomyces bayanus 


Growth in malt extract: After 3 days at 25° C. cells are 
oval to elongate, (3—6) x (5—14) 
f, occasionally longer, single or 
in pairs (Fig. 34). A sediment is 
formed. 

After one month at 17° C. a 
sediment and a ring are present. 

Growth on malt agar: 
After 3 days at 25° C. cells are 
oval to elongate, (3—6) x (5—14) 
H, single or in pairs. Longer cells 
up to 22 mw may occur. 

After one month at 17° C. the 
streak culture is yellowish-brown, soft, smooth, partly pointed or wrinkled 
over the whole surface. 

Slide cultures: Pseudomycelium of the types “Mycocandida”’ or 
“Mycotoruloides” is formed. 

Sporulation?): The spores are round; 1—4 per ascus. 





Fie. 34 — Sacch. bayanus 
After 3 days in malt extract 


Fermentation: Glucose + Maltose + 
Galactose — Lactose — 
Saccharose + Raffinose + 13 
Sugar assimilation: Glucose + Maltose + 
Galactose — Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Absent. 


1) Spores were observed in 1 of the 2 strains studied. 
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Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Absent. 


6 Discussion 

Wince and Roperts (1948) succeeded in adapting Sacch. bayanus to 
galactose fermentation. According to these authors 14 days can elapse 
before fermentation could be observed. 

In contradistinction to these observations our strains of Sacch. bayanus 
could not be adapted to galactose fermentation or -assimilation. It will 
be obvious that the above mentioned authors studied a strain different 
from ours and which does not belong to the species Sacch. bayanus. 


e Origin of the strains studied 


2 strains were studied. 

One of them labeled Sacch. bayanus was received from the “‘C.L.M.R.”’ (Dairen, 
Manchuria) in 1927 and originated from the “Inst. Brew.” at Tokyo. 

The other strain was isolated from beer in Holland in 1942. 


The strain of Sacch. bayanus obtained from the ‘“C.L.M.R.”’ has been 
chosen as the type strain of this species. 


9. SACCHAROMYCES WILLIANUS SACCARDO 


a Synonyms 


Saccharomyces intermedius Hansen (1904) 

Saccharomyces validus Hansen (1904) pro parte 

Saccharomyces tubiformis Osterwalder (1924) 

Saccharomyces festinans Ward et Baker (1929) 

Saccharomyces cerevisiae Hansen var. festinans (Ward et Baker) Dekker 
(Stelling—Dekker 1931) 

Saccharomyces elongatus Krumbholz (1932) 

Saccharomyces formosensis Nakazawa (1933) 


6 Original description and historical survey 


WILL (1891) isolated from diseased beer a yeast which he named Saccharomyces I. 
He gave the following description: 

In malt extract the cells of the sediment are large, ellipsoidal or roundish, 
also elongate and sausage-shaped. After 9 days a whitish dull-glistening pellicle is 
formed. The cells of the pellicle are elongate, adhering to each other in branched 
chains. These cells have a diameter of 9 H, whereas the side cells are smaller and 
roundish with a diameter of 3—4 ie 

On malt gelatin after 24 hours cells are short-oval or more or less sausage- 
shaped. 


Sporulation: On gypsum 1—4 spores per ascus, The spores measure 1,5 —5 My 
usually 3,5 mw. 
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This yeast is reported to give a disagreeable taste to the beer and to make it turbid. 
SAcCARDO (1895) gave it the name Sacch. willianus. 
GUILLIERMOND (1912) mentioned that glucose, saccharose and maltose are 
fermented but not lactose. 
STELLING—DEKKER (1931) completed this description as follows: 
2 In malt extract: After 3 days at 25° C. cells are oval or elongate, (3,5—6,5) x 
,5—14) p. 


Fermentation: Glucose + Maltose + 
Galactose + Lactose — 
Saccharose + Raffinose + 1, 


In the following a brief survey of the synonyms of Sacch. willianus will be given. 

Saccharomyces intermedius was isolated by HANSEN from the air in a brewery. 
At first he named it Sacch. pastorianus II and gave the following description which 
is only slightly different from that of Sacch. pastorianus I, the true Sacch. pas- 
torianus. 

In hopped malt extract cells of the sediment are oval, elliptical or long 
sausage-shaped, in small chains, (2—6) x (4—16) uw. At 26—28° C. some islets are 
formed after 7—10 days; at 20—22° C. a pellicle has developed after 8—15 days. 
The cells of the pellicle have the same shape and size as those of the sediment. At 
11—15° C. a pellicle appears after 10—25 days; at lower temperatures after one 
month or longer. At these lower temperatures the pellicles contain less ‘‘pastoriane”’ 
cells and more oval ones. 

In very old cultures besides round or oval cells long slender cells forming a 
seudomycelium were observed. 

Sporulation on gypsum. The optimal temperature is 25° C. Usually 1—4 
pores, occasionally 5—7. Spores measure 2—5 uw. 

Fermentation: Glucose + Maltose + 

Saccharose + Lactose — 

In 1904 Hansen named this yeast Sacch. intermedius, because, showing a slight 
op fermentation, it is intermediate between Sacch. pastorianus with bottom 
ermentation and Sacch. validus with strong top fermentation. 
STELLING-DEKKER (1931) added to this description that also galactose and 
affinose for one third are fermented. 

Sacch. validus was isolated by Hansen from turbid bottom beer. He considered 

t a top yeast. It is a dangerous infection which causes turbidity in the beer. He 

st (1883, 1886, 1888) named it Sacch. pastorianus IIT. In 1904 he gave it the name 

‘acch. validus. There is not much difference between his descriptions of Sacch. 
torianus and Sacch. validus. 

In hopped malt extract in young cultures the cells are round, oval, elongate 
r sausage-shaped, often in small chains. According to HANSEN’s drawings the 
ells measure (1,5—5) x (5—16) wm. 

This yeast forms a pellicle at the same temperatures as Sacch. pastorianus does. 
t temperatures between 20—28° C. the cells of the pellicle are the same as those 
f the sediment. At lower temperatures besides oval cells many long sausage-shaped 
ells are found, adhering together in branched chains. 

Sporulation is optimal at 25° C. Usually 1—4 spores are formed in the ascus, 


ut also 5—10 spores have been found. The spores measure 2—4 um. 
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Fermentation: The same sugars are fermented as by Sacch. pastorianus, 1.e. 
glucose, saccharose and maltose, but not lactose. 

STELLING-DEKKER (1931) studied a strain isolated by KiécKkrr. She did not 
observe the formation of a pellicle in malt extract cultures after 14 days at 25° C. 
She further found that also galactose and raffinose, completely, were fermented. 

We studied two strains of Sacch. validus which both originated from HANSEN. 
The strains are very much alike, but one (No. 23) ferments raffinose for one third, 
the other (No. 24) ferments this sugar completely. The former is identical with 
Sacch. willianus, the latter with Sacch. uwvarum. Since HANSEN did not test the 
fermentation of raffinose, it is easily understood that there are among his validus 
strains some which ferment raffinose for one third and others which ferment it 
completely. So it comes about that Sacch. validus is listed both among the synonyms 
of Sacch. willianus and among those of Sacch. uvarum. 

Saccharomyces tubiformis was isolated by OsTERWALDER from fermenting pear 
juice. The description (1924) runs as follows: 

In grape juice or pear juice besides elliptical cells (2,7 —5,2) x (3,3—7,8) yw, 
long “‘pastoriane”’ cells, 2,7 x 21,2 yw, also up to 49 yw long. 

In malt extract cells of the same shape and size; a sediment and after 9 days 
at 22—28° C. (optimal temperature for surface growth) some islets. 

Sporulation on gypsum blocks. Spores round. In ellipsoidal cells 4 spores, 
in elongate cells 8 —12. 


Fermentation: Glucose + Maltose + 
Galactose + Lactose — 
Saccharose + Raffinose + 14 


OsTERWALDER compared this yeast with others amongst which Sacch. intermedius. 
Since his strain of Sacch. intermedius fermented raffinose completely he found no 
identity. 

Saccharomyces festinans was isolated from, primed ales and described in 1929 
by Warp and Baker. 

The cells are oval to cylindrical with rounded ends, the dimensions being 5,5 by 
9 and 4,5 by 19 yw. Cells are single, in pairs or in chains of three cells. In old liquid 
cultures a slight surface film is found. 

In a fermentable medium the cells reproduce and ferment almost immediately. 
For this reason the name festinans (Latin festinare = to hasten) has been given. 


Sporulation: Spores round, usually 1—2 spores, but occasionally in the longer 
cells 3—4 spores. 


Fermentation: Glucose + Maltose + 
Galactose + Lactose — 
Saccharose + Raffinose + 1% 


STELLING—DEKKER classified this yeast as a variety of Sacch. cerevisiae, i.e. var 
festinans. The variety differed from the species in that the cells are longer and 
that they show a greater tendency to form chains. 

Saccharomyces elongatus was isolated from grapes. 

KrumBHOoLz (1932) described it as follows: 

In malt extract after 3 days long ‘‘pastoriane”’ cells, (5—6) x (16—19) uw, 
4 x 12 uw also 6 x 9p or very long cells, (3,5—5,5) x (25—30) uw. Few chains are 
formed, 


A flocky sediment, a heavy ring and occasionally some islets, 
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Sporulation: l—4spores, usually 2-3 spores per ascus. Often two spores conjugate. 
Fermentation: Glucose + Maltose + 

Galactose + Lactose — 
Saccharose -+ Raffinose + 1% 
Sugar assimilation: Glucose + Maltose + 
Galactose -- Lactose — 
Saccharose ++ Raffinose ++ 


Saccharomyces formosensis was described by Nakazawa in 1933. Unfortunately 
we were unable to read this description since it was written in Japanese. We could 
only get some information on this yeast from the drawings. 

The cells are ellipsoidal to elongate, occasionally in small chains. One ascus with 
two spores was drawn. 


Since we studied an authentic strain, we do not doubt the identity of Sacch. 
formosensis with our Sacch. willianus. 


y Standard description of Saccharomyces willianus 


Growth in malt extract: After 3 days at 25° C. cells are 
oval to elongate, single or in pairs. For the greater part of the cells the 
ratio between length and width is more than 2. There is some variety in 
the dimensions (Fig. 35). Three groups are distinguished: 

I with slender cells, (2,2—5,5) x (6—14—33) uw; II an intermediate 
group, (3—6,5) x (6,5—14—23) w; III with rather thick cells, (4—7) x 
(8—16—22) pu. 

There are many transitions 
from one group to another. 
A sediment and occasionally 
a ring are formed. 

After one month at 17° C. 
there is a sediment, a ring and 
often islets or a thin pellicle. 

Growth on malt agar: 


| C ie After 3 days at 25° C. cells 
are oval to elongate, single, in 


ar eno) tant pairs or in chains. The majority 
STO Net ASE a a a of the cells have a ratio be- 
tween length and width which is more than 2. 

Concerning the dimensions there are again three groups. The cells 
measure for group I (2—5) x (6—13—24) uw; IL (83—6) x (7—16—23) pw; 
III (3,8—7) x (7—17—25) p. 

After one month at 17° C. the streak culture is cream-colored to 
yellowish-brown, soft, dull-shining, smooth and flat or wrinkled in the 
middle or over the entire surface. 
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Slide cultures: A pseudomycelium is always formed. Generally 
it is abundantly produced. It is not characteristic, mainly consisting of 
elongate cells in a tree-like formation. 

Sporulation#): 1—4 spores are formed per ascus, but often 
only 2 or 3 spores are found. The spores are round or slightly oval. 


Fermentation: Glucose + Maltose ++ 
Galactose + Lactose — 
(occasionally weak) 
Saccharose + Raffinose + ¥% 
Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Usually no growth, 
occasionally weak growth. 
Splitting of arbutin: Absent. 


6 Discussion 


In this species are gathered the Saccharomyces strains which ferment 
glucose, galactose, saccharose, maltose and raffinose 13 but not lactose 
and which form in young malt extract or malt agar cultures oval to 
elongate cells. The ratio between the length and the width is for the 
majority of the cells more than 2. 

The name of this species should be the earliest name given to it which 
is Sacch. willianus. 


é Origin of the strains studied 


20 strains were studied, 

A strain labeled Sacch. willianus was received in 1927 from NAGANISHI. It came 
from the ‘Inst. Brew.” at Tokyo. 

A strain identified in the “C.B.S.” with Sacch. intermedius was isolated from 
tibi-grains. A second strain from tibi-grains was received in 1935 from BLUMER 
(Switzerland). 

A strain labeled Sacch. validus was received from W1INGE (Copenhagen) in 1935. 
It is strain No. 23 from HANsEN, subcultured by WINGE and Hyorr (1935) from a 
saccharose-culture dating from 1888. 

An authentic strain of Sacch. tubiformis came from OsTERWALDER (Switzerland) 
in 1923. It had been isolated from fermenting pear juice. 

An authentic strain of Sacch. festinans was obtained in 1930 from BAKER 
(England). It was isolated from primed ales. 


*) 11 of the 20 strains still could form spores. 
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An authentic strain of Sacch. elongatus was received in 1933 from KrumBno.z 
(Germany). It was isolated from grapes. 

An authentic strain of Sacch. formosensis was received in 1934 from NAKAZAWA. 

An authentic strain of Sacch. annulatus was obtained in 1930 from the Laboratory 
of Parasitology at Paris. NeEGRonr (1929) described this yeast, but since the 
characteristics of our strain do not agree with the description, Sacch. annulatus 
cannot be mentioned among the synonyms of Sacch. willianus. According to 
STELLING—DEKKER the differences in the fermentation results were caused by the 
unreliable methods used by Neraronir. She identified this strain with Sacch. 
cerevisiae. Since the cells are generally elongate we do not agree with this iden- 
tification. The strain was isolated from an epididymal abscess. 

A strain labeled Sacch. thermantitonum was obtained in 1922 from the “‘N.C.T.C.” 
at London. STELLING—DEKKER found that its characteristics did not agree with 
JOHNSON’s description (1905, 1906), especially its thermophilic properties could 
not be demonstrated. She identified it with Sacch. cerevisiae var. ellipsoideus. 
According to us it belongs to Sacch. willianus. This strain is said to be a subculture 
of JOHNSON’s original strain isolated from Eucalyptus leaves at a temperature 
of 84° C. 

A strain labeled Sacch. ellipsoideus subsp. thermophilus was obtained in 1928 
from CHopat (Switzerland). It had been isolated from fermenting grape must. 
STELLING—DEKKER (1931) classified it as Sacch. cerevisiae, strain thermophilus. 
Since we found the cells to be much longer than as reported by STEINER (1924) 
and by STELLING—DEKKER, it may be that some mistake has occurred and we 
studied another strain. 

Two strains labeled wine yeast Tokay and wine yeast Versenay I were received 
in 1928 from IwaNnowskI (Warsaw). 

Two strains, Chateau Lagrange and Chateau Rabaut yeast came from SCHOEN 
(Paris) in 1929. 

Two strains, both wine yeasts, were obtained in 1947 from the Hungarian 
Ampelological Institute at Budapest. 

One strain was isolated from pear wine by CaprrarIn (1930) and received in 1932 
from GUILLIERMOND (Paris). 

A strain isolated from grape must came from CasTELit (Italy) in 1934. 

A strain (D 38) isolated from sediment of wine was obtained from ZIMMERMANN 
(Germany) in 1937. According to ZIMMERMANN (1937) it is very useful for the 
manufacture of wine. 





Only one strain is of human origin. 


The first strain, labeled Sacch. willianus, and received from NAGANISHI 
as been chosen as the type strain of this species. 


10, SACCHAROMYCES UVARUM BEIJERINCK 


a Synonyms 


Saccharomyces validus Hansen (1904) pro parte 
Saccharomyces intermedius Hansen var. turicensis Osterwalder (1934) 
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8 Original description and historical survey 


BEIJERINCK (1898) isolated Sacch. uvarum from currant juice. He mentioned that 
this yeast is very active in maltose containing media. 4 spores are formed in the 
ascus, Spore formation was first abundant, but after cultivation the ability to 
form spores was easily lost. 

STrELLING-DEKKER who studied an authentic strain gave the following information. 

In malt extract after 3 days at 25° C. cells are oval or elongate, (3—6) x 
(7—15) mw, single or in pairs. After 8 days a sediment and a ring are formed. 

On malt agar after 3 days at 25° C. cells are oval, elongate or thread-like, 
(1,5—5) x (4,5—20) mw, single or in pairs. 

Sporulation: On washed agar and on malt gelatin; spores round, 2 uw, 1—4 


per ascus. 
Fermentation: Glucose + Maltose + 
Galactose + Lactose — 
Saccharose + Raffinose + complete 


Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Rather good growth. 


For the original description of Sacch. validus we refer to p. 165. 

Saccharomyces intermedius Hansen var. twricensis Osterwalder was isolated from 
wine made of pear juice by spontaneous fermentation. This yeast is a so-called 
‘“‘Kaltgarhefe”’, which shows fermentation at a temperature of 5° C. 

OSTERWALDER (1934) gave the following description: 

In young grape juice cultures cells are ellipsoidal or round-ellipsoidal. 
They measure 5,3 x 8,1 uw, 2 X 4,1 mw, 7,4 x 8,2 pw. 

In young pear juice cultures cells are slender ellipsoidal and long 
cylindrical, measuring 2,8 x 4,1 w and (3,2—4,1) x 24,6 w. After a cultivation of 
some length a flocky sediment and a ring are formed. The cells of the sediment 
form branched chains of elongate cells. 


Sporulation is optimal at 13° C., but spores are also formed at 5° C. Spores 
are round, 2,2—2,6 wm. 


Fermentation: Glucose + Maltose + 
Galactose + Lactose — 
Saccharose +- Raffinose + complete 


OSTERWALDER Classified this yeast as a variety of Sacch. intermedius. The latter, 
a synonym of Sacch. willianus, ferments raffinose, however, only for 14. 


y Standard description of Saccharomyces uvarum 


Growth in malt extract: After 3 days at 25° C. cells are 
oval, elongate, sausage-shaped or thread-like, single, in pairs or in short 
chains. They measure (2,5—6,5) x (5—15—28) uu. The ratio between 
length and width of the cells is generally more than 2 (Fig. 36). A sediment 
is formed and occasionally a ring. 





After one month at 17° C. a sediment, a ring and occasionally islets or 
a pellicle are formed. 
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Growth on malt agar: After 3 days at 25° C. cells are oval, 
elongate, sausage-shaped or thread-like, single or in pairs. They measure 


(2,5—5,6) x (5—15—28) mw. The ratio 
between length and width of the 
ay cells is generally more than 2. 


The streak culture after one month 
at 17° C. is cream-colored, beige or 
light yellow-brownish, rather flat, 
glistening, occasionally slightly dull, 
usually smooth or with some structure 
to delicately curled all over the 
surface, margin slightly curvated. 
Slide cultures: A _ pseudo- 
mycelium is always formed, but oc- 
casionally it has not much developed. 
It consists of branched chains of 
elongate cells in tree-formation. 
Sporulation!): Spores are round or oval; 1—4 per ascus. 





Fie. 36 — Sacch. uvarum 
After 3 days in malt extract 


Fermentation: Glucose + Maltose ++ 
Galactose + (occasionally weak) 
(occasionally weak) Lactose — 
Saccharose ++ Raffinose + complete 
Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: A very weak 
growth or none. 
Splitting of arbutin: Absent. 


6 Discussion 


The standard description is in good agreement with the various 
descriptions given of this species and its synonyms. 
The Saccharomyces strains which ferment glucose, galactose, saccharose, 


1) Of the 22 strains studied 16 were able to form spores, usually on gypsum 
blocks or on GoropKowa agar. The authentic strain of Sacch. uvarum formed 
spores only on peptone gelatin 1 % glucose. The spores germinated very readily 
(77 %). Twin zygotes were usually formed. According to the appearance of the 
giant colonies of the one-spore cultures this strain is homozygous. 

In another strain one ascus with 6 spores was observed. 
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’ maltose and raffinose completely, but not lactose and which form in young 
malt extract- and malt agar cultures oval to elongate cells with a ratio 
between length and width which is generally more than 2, are gathered 
in one species: Sacch. uvarum. We excluded from this species one yeast 
which also corresponds to the above given definition, viz. Sacch. logos. 
The cells of this yeast are much larger than those of the strains belonging 
to Sacch. uvarum so that it can be easily distinguished from the latter 


species. 


é Origin of the strains studied 


22 strains were studied. 

The authentic strain of Sacch. wvarum isolated from currant juice was received 
from BrtsERINCK (Holland). 

An original strain, No. 24, of Sacch. validus was obtained in 1935 from WINGE 
(Copenhagen). It was subcultured by WinGE and Hyorr (1935) from a culture 
made in 1887 by HANSEN. WINGE (1935) and WINGE and LaustTSEN (1938) found 
this strain to be heterozygous. A single ascus segregated in types with longer 
cells and in types with shorter cells. After germination a single spore often formed 
twin zygotes, but direct diploidization was also observed. They used this strain 
for hybridization. A second strain of Sacch. validus was received in 1910 from 
KiécKker (Copenhagen) who isolated it. In this strain an ascus with 6 spores was 
observed. 

An authentic strain of Sacch. intermedius var. turicensis was obtained in 1934 
from OsTERWALDER (Switzerland). It had been isolated from pear wine produced 
by spontaneous infection. It is a so-called ‘‘Kaltgiarhefe’’. 

11 strains were obtained in 1932 from GuILLIERMOND (Paris). Caprrarn (1930) 
isolated them from pear wine. 

One strain was isolated from aerated lemonade in Holland, another from grape 
juice. It was received in 1946 from the ‘‘Eidgendssische Versuchsanstalt” at 
Wadenswil (Switzerland). 

VeRONA (Italy) sent in 1947 a strain isolated from honey. This strain ferments 
maltose weakly. 

A strain labeled Sacch. pastorianus was obtained in 1930 from the “N.C.T.C.” 
at London. It was isolated by KiéckeEr. This strain differed from the authentic 
Sacch. pastorianus in fermenting and assimilating galactose. 

Two strains labeled Sacch. mandshuricus f. I and f. II were received in 1927 
from the ‘‘C.L.M.R.”’ (Dairen, Manchuria). They were said to originate from Sarro 
whoyis reported to have isolated them from starting material for the manufacture 
of Sorghum brandy. These two strains did not correspond with Sarro’s description 
(1914) who described the cells as round or oval. Therefore Sacch. mandshuricus 
f. I and II are no synonyms of Sacch. uvarum. STELLING-DEKKER classified f. T as 
Sacch. carlsbergensis var. mandshuricus I, f. II as Sacch. carlsbergensis var. 
polymorphus. According to us the two strains are identical. We observed in oe | 
much longer cells than STeELLING—-DEKKER did, 

In 1946 a strain was received from WmICKERHAM (U.S.A.), labeled Sacch. 
microellipsodes. Since this strain ferments and assimilates both galactose and 
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maltose, though the fermentation of both sugars is weak, it is not identical with 
Sacch. microellipsodes. 


The original strain of Sacch. uvarum received from BEISERINCK has 
been chosen as the type strain of this species. 


11, SACCHAROMYCES DELBRUECKII LINDNER 


One variety belongs to this species: 
Saccharomyces delbrueckii var. mongolicus (Saito) nov. var. 


a Synonyms of the species 


Torulaspora delbruecki Lindner (1904) 

Zygosaccharomyces delbruecki (Lindner) Krumbholz (1933) 
Saccharomyces unisporus Jorgensen (1909) 

Saccharomyces dairensis Naganishi (1917) 

Saccharomyces mongolicus Naganishi (1928) 


aa Synonyms of the variety 


Zygosaccharomyces mongolicus Saito (1923) 
Saccharomyces globosus Osterwalder (1924) 


(6 Original description and historical survey of the species 


Sacch. delbrueckii was isolated from ale. LINDNER named it Sacch. delbruecki 
because DELBRUCK brought this yeast with him from America. In 1901 and 1904 
LINDNER described its cells as round like those of Torula yeasts with an oildrop 
inside; occasionally they are large like the cells of cultivated yeasts, 3,5—6,5 yp. 
Giant cells (9—10) x (11—11,5) w. 1 or 2 spores are formed. Fermentation of 
glucose and galactose only. 

In 1904 LinpNER created a new genus for the spore-forming Torula yeasts, 7.e. 
Torulaspora to which he brought this yeast. 

Rose (1910) observed in Torulaspora delbruecki formation of conjugation tubes, 
but no actual conjugation. 

Sarro (1923) found spore formation in Torulaspora delbruecki only on gypsum 
blocks moistened by a mannitol solution with dipotassium phosphate. Conjugation 
tubes were observed, 1—2 spores were formed. 

STrELLING-DEKKER (1931) who studied a strain received from NAGANISHI, isolated . 
in the “Inst. Brew.” at Tokyo, observed round or oval cells, (2,5—5) x (4—6) yu. 
In old malt agar cultures spores were formed, 1—2 per ascus. Before the spore 
formation conjugation tubes were formed, but no conjugation occurred. Only 
glucose and galactose were fermented. Nitrate was not assimilated. 

- Krumpnorz (1933) after a comparative study of a strain of Torulaspora roset and 
several strains of Zygosacch. globiformis came to the conclusion that there exists 
no real difference between the two genera. He classified the Torulaspora species in 
the genus Zygosaccharomyces. Thus Torulaspora delbruecki was designated Zygosacch. 


delbruecki (Lindner) Krumbholz. 
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The other synonyms of Sacch. delbrueckii will now be discussed. 
Sacch. unisporus was isolated by Hotm from Dutch whey. 
JORGENSEN (1909) studied it and gave the following description: 
In malt extract: Cells are small and oval. In older cultures a ring is formed. 
Sporulation: The spores are round; 1| rather big spore per ascus. 
Fermentation: Glucose + Maltose — 
Saccharose — Lactose — 

STELLING-DEKKER (1931) studied a strain of Sacch. unisporus obtained from 
the Carlsberg Laboratory (Copenhagen) and gave the following description: 

In malt extract: Cells are oval, (2,5—4,5) x (4—5) mw, single or in pairs. 
A sediment and a thin ring are formed. 

Sporulation: No spores were detected. 


Fermentation: Glucose + Maltose — 
Galactose + Lactose — 
Saccharose — 


Assimilation of potassium nitrate: Absent. 

A strain described by NAGANISHI (1928) as Sacch. mongolicus was identified by 
STELLING—DEKKER (1931) with Sacch. unisporus. In this strain sporulation was 
observed; only 1 spore was formed in the ascus. 

Although the asci of Sacch. unisporus are one-spored, WINGE (1944) found that 
the one-spore cultures deviated distinctly from the mother type. It was doubtful 
whether this difference is caused by a genetic segregation or whether it is due to 
cytoplasmic conditions. 

NAGANISHI described in 1917 an organism which he named Sacch. dairensis. 
It was very much like Torulaspora delbruecki and Sacch. unisporus. STELLING— 
DEKKER maintained the species on account of the growth in chains on malt extract 
in which it differed from Sacch. unisporus and of the number of spores formed in 
the ascus. NaGanisH1 found 1—4, mostly 2 spores per ascus, STELLING-DEKKER 
always observed 2 spores. 


66 Original description and historical survey of the variety 


Sarto (1923) isolated an organism from slightly fermented milk which he named 
Zygosaccharomyces mongolicus. He gave the following description: 

In koji extract: Cells are round to oval, (4—5) x (5—6,5) yw, single or in 
small chains. Islets are formed. 

Sporulation: The spores are round; 1—3 per ascus. The cells form conjugation 
tubes but mostly do not conjugate. 


- Fermentation: Glucose + Maltose — 
Galactose + Lactose — 
Saccharose — Raffinose — 


STELLING—DEKKER (1931) studied a strain of this species obtained from NAGANISHI 
and gave the following data: 
Sporulation: Conjugating cells but no spores were observed. 
Fermentation: Glucose + Maltose — 
Galactose + Lactose — 
Saccharose + (weak) Raffinose + (weak) 
Assimilation of potassium nitrate: Absent, 
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The second name in the list of synonyms of the variety, Saccharomyces globosus, 
was given by OsTERWALDER (1924) to an organism isolated from pear juice. He 
gave the following description: 

In liquid media: Cells are round to round- ellipsoidal, 3,3—7,9 4, some are 
elongate, 3,7—10,6 uw. A sediment is formed. 

Sporulation: Very difficult, mostly 3 spores per ascus. 


Fermentation: Glucose + Maltose — 
Galactose + Lactose — 
Saccharose — 


STELLING—DEKKER (1931) who studied a strain obtained from OsTtERWALDER 
could confirm these data. She found 1—4 spores per ascus, no assimilation of 
nitrate and rather good growth with ethanol as sole source of carbon. 


y Standard description of Saccharomyces delbrueckii 


Growth in malt extract: After 3 days at 25° C. cells are 
round to short-oval, (2—5) x (2,5—6,5) mw, single or in pairs (Fig. 37). 
A sediment is formed. 
©. & © po, © 8s After one month at 17° C. a sediment 
and a thin ring are usually present. 


CO. SoS O. 69 Growth on malt agar: After 3 


days at 25° C. cells are round to short-oval, 
Y E (2—5) x (2,5—6,5) mw, single or in pairs. 
es @ O After one month at 17° C. the streak 

oO © CO culture is yellowish-brown, flat, soft, smooth 
O © Q ©) and shining. 


a Slide cultures: No pseudomycelium 
Fig. 37 — Sacch. delbrueckii. 
is formed. 
After 3 days in malt extract P 
Sporulation'): The spores are round; 
1—2, occasionally 4 per ascus. Conjugation tubes may be formed; 
conjugation may precede ascus formation. 


Fermentation: Glucose + Maltose — 
Galactose + Lactose — 
(occasionally weak) 
Saccharose — 
Sugar assimilation: Glucose + Maltose — 
Galactose +- Lactose — 
Saccharose — 


Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Absent. 

1) Spores were observed on GORODKOWA agar in 4 of the 9 strains belonging to 


species or variety. 


be 
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yy Supplementary description of Saccharomyces delbrueckit var. 
mongolicus 


Growth in malt extract: After 3 days at 25° C. cells are 
short-oval to oval, longer than those of the species, measuring from 
(3,5—6) x (5—10) w, single or 


in pairs (Fig. 38). 
Growth on malt agar: oe 
After 3 days at 25° C. cells 

are short-oval to oval, (3—6) x ‘ 


(3,5—10) w, single or in pairs. 
6 Discussion Se 


The results of our exami- 


nations are in agreement with 


the original oe Dous, Fic. 38 — Sacch. delbrueckii var. mongolicus 
The strains with round or After 3 days in malt extract 


oval cells which form no pseudo- 
mycelium and which ferment and assimilate glucose and galactose only 
are gathered in this species. 

As has been explained we agree with KrumMBHOLz in rejecting the 
genus Torulaspora. Since we neither accept a genus or subgenus Zygo- 
saccharomyces this species belongs to the genus Saccharomyces. Because 
the specific epithet delbrueckii is the oldest, this species should be named 
with LINDNER’s original name Sacch. delbrueckiv. 

The number of spores in the ascus which may be liable to great 
variation has no longer been used as a means to differentiate species. 

Two strains have in distinction to the others rather oval than round 
cells. They were separated from the others in the variety mongolicus. 





e Origin of the strains belonging to the species 


— 


7 strains were studied. 

A strain labeled Torulaspora delbrueckii was received in 1950 from WickKERHAM 
(U.S.A.). 

Of the three strains labeled Sacch. unisporus, one was obtained from the Carlsberg 
Laboratory (Copenhagen) in 1924. The second strain originally named Sacch. 
mongolicus by NAGANISHI, had been isolated by the author from Mongolie ‘‘Naichin” 
and was received from the ‘‘C.L.M.R.”’ (Dairen, Manchuria) in 1929. 

The third strain was sent by Saccuerti (1933) (Italy) in 1933 and had been 
isolated from cheese, 

Two strains were labeled Sacch. dairensis. The first was obtained from NAGANISHI, 
(Japan) in 1923. The second came from buttermilk and was isolated by Kivyver 
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(Holland). It had been provisionally indicated as Sacch. galactosus Dekker in the 
catalogue of the ‘“‘C.B.S.” in 1930. 

The seventh strain was obtained from the ‘“C.L.M.R.” (Dairen, Manchuria), 
in 1927, mislabeled Sacch. exiguus. 


Since the strain of Torulaspora delbrueckii is not an authentic one, the 
strain of Sacch. unisporus obtained from the Carlsberg Laboratory which 
may be a subculture of the original strain described by JORGENSEN, has 
been chosen as the type strain of the species. 


© c& Origin of the strains belonging to the variety 


2 strains were studied. 

The strain of Zygosacch. mongolicus was obtained from the ‘‘C.L.M.R.” (Dairen, 
Manchuria) in 1927. It is said to have been isolated in the ‘Inst. Brew.” at Tokyo. 

The second strain, named Sacch. globosus was sent by OSTERWALDER (Switzerland) 
in 1923. It had been isolated from pear juice. 


The strain of Zygosacch. mongolicus has been chosen as the type strain 
of the variety. 


12. SACCHAROMYCES CARLSBERGENSIS HANSEN 


a Synonyms 


Saccharomyces monacensis Hansen (1908) 

Saccharomyces carlsbergensis Hansen var. monacensis (Hansen) Dekker 
(Stelling—Dekker 1931) 

Saccharomyces mandshuricus Saito (1914) pro parte 

Saccharomyces intermedius Hansen var. valdensis Osterwalder (1924) 


Saccharomyces carlsbergensis Hansen var. valdensis (Osterwalder) Dekker 
(Stelling—Dekker 1931) 


6 Original description and historical survey 


HANSEN isolated this yeast from bottom yeast from the Carlsberg brewery at 
Copenhagen. It had previously been designated as Carlsberg bottom yeast No. I. 

In 1908 Hansen gave the following description: 

Growth in hopped malt extract: After 24 hours at 25° C. cells are 
ellipsoidal, egg-shaped or pear-shaped. Seldom short sausage-shaped cells are found, 
Characteristic are the slightly pointed oval cells. A thin sediment is formed. Budding 
occurs between 0—33° C. At the maximum temperature the cells have the same 
shape, giant cells are frequently formed. Near the minimum temperature a pseudo- 
mycelium is formed with elongate cells after one month or longer. 

“After one month at 13—15° OC. the formation of a weak pellicle starts. 

Sporulation: Spores were seldom found and only in a few cells. 

Fermentation: Glucose + Maltose + 

Saccharose -+- Lactose — 


STELLING-DEKKER who studied a strain received from ScHNEGG found the cells 
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in malt extract to be oval or egg-shaped, (3—5) x (7—10) wu; on malt agar they 
measured (3,8—7) x (5—11,5) uw. Spores were not observed. 
Besides the sugars mentioned by HaNnsEN also galactose was fermented and 


raffinose completely. 


As a synonym of Sacch. carlsbergensis is considered Sacch. monacensis. HANSEN 
isolated also this yeast from bottom yeast from the Carlsberg brewery at Copen- 
hagen. It was previously designated as Carlsberg bottom yeast No. 2. Since at the 
time of its isolation it was used in several breweries in Munich HANSEN named it 
Sacch. monacensis. 

In 1908 he gave the following description: ‘ 
Growth in hopped malt extract: After 24 hours cells are round or 
ellipsoidal, giant cells are also found. A thin sediment is formed. Budding occurs 
between 1 —33° C. At the maximum temperature the cells are ellipsoidal, in chains; 
a few short sausage-shaped cells were observed. At the minimum temperature cells 
are round or ellipsoidal, in chains. After one month a few short sausage-shaped 

cells are found. 

At 13—15° C. a few islets are formed after one month. 

Sporulation: More asci are found than in Sacch. carlsbergensis. 

Fermentation: The same sugars are fermented as in Sacch. carlsbergensis. 

STELLING—DEKKER (1931) who studied a strain obtained from ScHnEGe found 
the cells to be slightly larger than those of Sacch. carlsbergensis. She, therefore, 
classified Sacch. monacensis as a variety of Sacch. carlsbergensis, i.e. var. monacensis. 

Saccharomyces mandshuricus Saito is also considered a synonym of Sacch. 
carlsbergensis. 

Sarro (1914 1922) isolated this yeast from starting material for the manufacture 
of Sorghum brandy and from the air. Sarro’s description of this yeast has already 
been given on p. 126 to which we refer. ' 

An authentic strain which agrees with Sarro’s description is identical with Sacch. 
carlsbergensis, two others, designated f. I and f. II were identified with Sacch. 
uvarum, but these strains did not correspond with Sarro’s description. A third 
strain studied, f. III, which again agrees with Sarro’s description is identical with 
Sacch. cerevisiae. 

Sarro did not try to find out whether raffinose was completely fermented or for 
one third. That was why he regarded as Sacch. mandshuricus strains with a different 
raffinose fermentation. So it came about that Sacch. mandshuricus is listed both 
among the synonyms of Sacch. cerevisiae and among those of Sacch. carlsbergensis. 

Saccharomyces intermedius var. valdensis is another synonym of Sacch. carls- 
bergensis. OSTERWALDER isolated this yeast from grape juice. In 1924 he gave 
the following description: 

Cells are mainly ellipsoidal, a few are longer. 

In grape-, pear- or apple juice they measure (2,7 —6,6) x (3,2 —8—10) ua. 
Occasionally cells up to 16 w. After 19 days a ring is formed, after 23 days some 
islets. 

In malt extract after 11 days cells are ellipsoidal, long-ellipsoidal to elongate 
up to 24 uw long. 

Sporulation: Spore formation is difficult. A few asci were observed, some 
with round spores, others with ellipsoidal spores, 
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Fermentation: Glucose + Maltose + 
Galactose + Lactose — 
Saccharose + Raffinose + complete 


OSTERWALDER Classified this yeast as a variety of Sacch. intermedius. STELLING— 
DEKKER (1931) criticized this classification. She asserted that, since Sacch. intermedius 
ferments raffinose for 1%, whereas Sacch. intermedius var. valdensis ferments it 
completely, the latter yeast is closer related to Sacch. carlsbergensis. She brought 
it as the variety valdensis to the latter species. 


y Standard description of Saccharomyces carlsbergensis 


Growth in malt extract: After 3 days at 25° C. cells are 
round, short-oval or oval, single or in pairs. 

In one group which can be considered as Sacch. carlsbergensis sensu 
stricto, the cells measure (5—10) x (5—13) uw (Fig. 39). The other strains 
form slightly longer cells measuring (4—8,5) x (5—15,5) uw. The ratio 
between the length and the width 
of the cells varies from 1—2. 
After 3 days only a sediment is: 
formed. 

After one month at 17° C. a. 
sediment and usually a ring are: 
present. 

Growth on malt agar: 
After 3 days at 25° C. cells are 
round, short-oval or oval, single: 
or in pairs. 

The strains of Sacch. carls- 
bergensis sensu stricto measure (4—8) x (5—10,5) w, the other strains 
(3,5—8)  (5,5—13) uw. The ratio between the length and the width of 
the cells is the same as in malt extract cultures. 

After one month at 17°C. the streak culture is cream-colored, glistening 
to dull-glistening, rather flat, almost smooth. Margin slightly lobated. 

Slide cultures: Pseudomycelium is usually not formed, but. it 
may occur, consisting of branched chains of elongate cells. 

Sporulation'): Spores are round, 1—4 per ascus. 





Fic. 39 — Sacch. carlsbergensis 
After 3 days in malt extract 


Fermentation: Glucose + Maltose + 
Galactose + Lactose — 
(occasionally weak) 
Saccharose +- Raffinose + complete 


1) In 5 of the 17 strains studied spores were observed. 
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Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose — 


Saccharose ++ 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Absent. 


6 Discussion 

The Saccharomyces strains which ferment glucose, galactose, saccharose, 
maltose and raffinose completely and which form in young malt extract 
or malt agar cultures round to oval cells with a ratio between length and 
width varying from 1—2, are gathered in one species: Sacch. carlsbergensis. 

The greater part of the strains belonging to this species are industrial 
yeasts, used in the manufacture of beer. 


e Origin of the strains studied 


17 strains were studied. 

The authentic strain of HansEn’s Sacch. carlsbergensis was received in 1947 
from Heim from Alfred Jérgensen’s Laboratory of Fermentology at Copenhagen. 

Two strains labeled Sacch. carlsbergensis and Sacch. monacensis were received 
from SCHNEGG (Germany). These strains were studied by STELLING—DEKKER (1931). 

A strain of the Frohberg bottom yeast was obtained from Baucn (Germany). 
This yeast, well known in literature as bottom yeast type Frohberg, was originally 
isolated by LINDNER (1895) from yeast of the Frohberg brewery. STELLING-DEKKER 
(1931) identified Baucn’s strain with Sacch. carlsbergensis. 

A strain labeled top yeast Frohberg was received in 1937 from NEUBERG (Germany). 

Two strains were obtained in 1927 from the “C.L.M.R.”’ (Dairen, Manchuria). 
They were said to have been isolated in the “Inst. Brew.” at Tokyo. 

One strain was isolated in 1927 in Holland from yeast from a Dutch brewery. 

These 8 strains all belong to Sacch. carlsbergensis sensu stricto. 

A strain labeled Sacch. mandshuricus was received in 1916 from Sarro (Japan). 

A strain of Sacch. intermedius var. valdensis came in 1923 from OsTERWALDER 
(Switzerland). It had been isolated from grape juice. 

Two strains labeled bottom yeast type Frohberg and type Saaz were received 
in 1935 from GLAUBITZ (Germany). 

Three other strains were isolated in Holland from yeast from various Dutch 
breweries. 

A strain was received in 1946 from the ‘““Eidgenéssische Versuchsanstalt” at 
Wadenswil (Switzerland). It was isolated from grape juice. 

A strain isolated by WixEs (1949) from turbid beer and considered as the cause 
of the turbidity was received in 1949 from WILES (England). The cells of this strain 
were slightly more slender than those of the other strains. 


The strain which originates from HaNnsEN and which was received 
from HELM in 1947, has been chosen as the type strain. 
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13. SACCHAROMYCES FRAGILIS JORGENSEN 


6 Original description and historical survey 


This yeast was isolated by JORGENSEN from kefyr. He gave in 1909 the following 
description: 

In young cultures the cells are small, oval or elongate. The cell wall is very 
weak. Therefore the name fragilis has been given to this species, 

After a longer time of incubation a pellicle is formed on liquid media. The cells 
from the pellicle are exactly like those of the sediment. 

The margin of the colonies on gelatin media consists of mycelium-like cells. 

Spores are readily formed on gypsum blocks. The spores are bean-shaped or 
kidney-shaped. Soon after formation they are liberated from the ascus. 

Fermentation: Lactose is fermented but not melibiose. 

STELLING—DEKKER (1931) completed this description as follows: 

In young malt extract cultures: Cells are oval, in small chains, (2,5 —4,5) x 
(5—9) uw. After one month a sediment and a ring are formed, but no pellicle. 

On young malt agar cultures: Cells are oval to elongate, (3—5) x (8—24) u, 
chains of cells are formed. 

The culture is rather thermoresistent. It shows good growth at 45° C. 

Sporulation: Spores are formed on gypsum blocks and on malt agar. The 
spores are kidney-shaped, about 1,9—4 mw. 1—4 spores are formed in the ascus. 


Fermentation: Glucose + Maltose — 
Galactose + Lactose + 
Saccharose -+ Raffinose + 1 


Assimilation of nitrate: Absent. 

Ethanol as sole source of carbon: Rather good growth occurs. 

SaccHETTi (1933, 1934) found that inulin is vigorously fermented by this yeast. 

According to Lun and Puarr (1951) Sacch. fragilis (and its imperfect form 
C. pseudotropicalis) is the only yeast species capable of attacking pectin. 


y Standard description of Saccharomyces fragilis 
Growth in malt extract: After 3 days at 25° C. cells are 
_ oval, (2,5—5,5) x (4-9) mw. Frequently 
& long pseudomycelial cells are present 
<3 as well with a diameter which varies 
cs between 1,5—4 y and of various lengths 


C26 ER)- (oh (Fig. 40). A sediment is formed and 


often a ring. 


Growth on malt agar: After 
Bo, \ 3 days at 25° C. cells are oval, (2,2—5) x 
oe (4,5—11) yu. Besides long pseudomycelial 
Ye © cells are present with a diameter which 


varies between 1,5—4 wy. 
Fic. 40 — Sacch. fragilis The streak culture after one month at 
After 3 days in malt extract 47° (, is glistening, rather flat, greyish- 


fragilis 
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buff, usually wrinkled all over the surface, the border fringed by pseudo- 
mycelium. There are a few strains with a smooth surface or with only a 
slight structure. It may be that these are smooth modifications *). 

The strains show good growth at 40° C. *). 

Slide cultures: A well-developed pseudomycelium of the 
‘““Mycocandida”’-type is formed (Fig. 41). 


Fia. 41 — Sacch. fragilis 
Slide culture, potato agar 


Sporulation): 1—4 spores are formed in the ascus. Most spores 
are kidney-shaped, but some look more oval, though it may be that 
their position gives them an oval appearance. Soon after they are formed, 
they are liberated (Fig. 42). 


Fermentation: Glucose + Maltose — 
Galactose ++ Lactose + 
Saccharose + Raffinose + 14 
Inulin + ?) 


‘) From one strain a rough and a smooth type could be isolated. 

*) The growth at a temperature of 40° C. and the fermentation of inulin were 
studied in these strains, since these characteristics were especially ascribed to 
this species. 

*) 10 of the 11 strains studied still formed spores. The spores do not germinate 
very readily. Very seldom we succeeded in getting one-spore cultures. 
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Sugar assimilation: Glucose + Maltose — 
Galactose + Lactose +- 


Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanolas sole source of carbon: Usually weak growth. 
Splitting of arbutin: Usually absent or very weak. 





Fie. 42 — Sacch. fragilis 
Spores on Goropkowa agar after 10 days 


6 Discussion 


Saccharomyces fragilis is a very well defined species and can be easily 
recognized. 

As has already been stated by SaccHErTI (1939) it is closely related to 
Sacch. marxianus, from which it differs in the fermentation of lactose only. 

It is the perfect form of Candida pseudotropicalis. 


é Origin of the strains studied 


1] strains were studied. 

Three strains were received labeled Sacch. fragilis, i.e. one in 1925 from 
KwyreHorst (Holland), who isolated it from yoghurt. This is the strain which 
STELLING—DEKKER studied. One in 1927 from the ‘‘Inst. Brew.” at Tokyo; one in 
1932 from SaccuerTti (Italy), who isolated it from “‘stracchino’”’, a kind of soft 
cheese (SACCHETTI 1932 d). 

A strain labeled Sacch. cavernicula was obtained in 1925 from REDAELLI (Italy). 
He (1925) isolated it from a lung in a case of tuberculosis. His description 
—especially the results of his fermentation tests—did not agree with those found 
for the authentic strain by STELLING—DEKKER. But the latter author stated that, 
according to a communication by letter, REDAELLI himself did not confide in the 
results of his tests and that is why she rejected Saccharomyces cavernicula. 

A strain labeled Torula kefyr was received in 1932 from Crrovié (Esthonia). 
It was said to be isolated from Koumiss, a beverage made of fermented mare’s milk. 

A strain labeled Mycocandida pinoyisimilis var. citelliana was received in 1934 
from CireRRI and RepAE.Li (Italy). It was isolated by Carcd from a human lesion 
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of the tonsils and the pharynx (CireRRI e REDAELLI 1935). DippEns and LODDER 
(1939) discovered spore formation in the authentic strain and identified it with Sacch. 
fragilis. The fermentation results found in the authentic strain do not agree with 
those mentioned in the description of the Italian authors. Probably the establish- 
ment of Mycocandida pinoyisimilis var. citelliana is due to experimental errors, 
In 1948 a strain was received from VERONA (Italy) who isolated it from feces. 
Three strains were isolated at various times from yoghurt in Delft (Holland). 
A strain was obtained in 1945 from Sarr (Holland). From this strain a rough and 


a smooth type could be isolated. 
Three strains are of human origin. 


The strain received from KnreHorst has been chosen as the type strain 
of this species. 


14. SACCHAROMYCES LACTIS DOMBROWSKI 


a Synonyms 


Saccharomyces lactis a Dombrowski (1910) 
Zygosaccharomyces lactis a Dombrowski (1910) 
Zygosaccharomyces casei Sacchetti (1932 a, d) 
Zygosaccharomyces versicolor Sacchetti (1933) 


6 Original description and historical survey 


In 1910 DomBrowsk1 published an extensive paper on the study he made of 
yeast strains isolated from milk or milk products. Among the sporogenous strains 
he distinguished four types: Saccharomyces lactis a, B and y and Zygosaccharomyces 
lactis a. 

Sacch. lactis B is very similar to Sacch. fragilis Jérgensen and could probably 
be identified with this species. Sacch. lactis y is a species different from the others 
because it does not ferment lactose. It is thus logical to consider Sacch. lactis a 
as the true Sacch. lactis. This yeast was isolated from yoghurt in Copenhagen. 
Zygosacch. lactis a was isolated from butter also in Copenhagen. 

The description of Saccharomyces lactis a runs as follows: 

In must cultures of 96 hours cells are elliptical or elongate, (3—3,75) x 
(3,75—9) uw. A heavy pulverulent sediment and a yeast ring are formed. A slight 
aroma develops. 

Sporulation is difficult. 3 or 4 round spores are formed in the ascus. The spores 
germinate when brought into fresh medium. 

Fermentation: Glucose + Maltose — 

Galactose + Lactose + 
Saeccharose + 


Zygosaccharomyces lactis differed from Sacch. lactis in the size and the shape of 
the cells which are round in Zygosacch. lactis, in the aspect of the giant colonies and 


in the fact that in Zygosacch. lactis conjugation preceding ascus formation was 
observed, 
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Zygosaccharomyces casei was isolated by Saccuertr (1932 a,d) from soft cheese 
from Bologna. According to SaccHETT! this species is different from Zygosaccha- 
romyces lactis because in the latter no heterogamous conjugation was observed, the 


spores are larger and the morphology of the cells and the aspect of the giant colony 
is different. 


Zygosaccharomyces versicolor was also isolated by SaccHETTI (1933) from soft 
cheese from Bologna. According to this author this species is different from 
Zygosacch, casei because it cannot tolerate high sugar concentrations and because 
it forms a reddish pigment. 


y Standard description of Saccharomyces lactis 


Growth in malt extract: After 3 days at 25° ©. cells are 
round, oval or long-oval, single or in pairs. The dimensions vary between 
(2,5—5) x (3,5—9,5) mw (Fig. 43). A sediment is formed and usually a 

ring. Some strains also form a very 


thin pellicle. 
O o} After one month at 17° C. nearly all 


the strains have formed a weak pellicle 
0 SS of/ or islets. 

Growth on malt agar: After 
3 days at 25° C. cells are usually oval to 
Am SOD K/ long-oval, few strains have round to 
oval cells. The cells are single or in 
pairs. The dimensions vary between 

(2—4) x (3,5—8,5) y. 

The streak culture after one month at 17° C. shows that there are two 
slightly different types: one type has a dull-glistening, smooth, flat, 
cream-colored surface; the other has a glistening surface, cream-colored 
in the middle with transparant border. It is slightly raised and shows a 
delicate structure 1). 

On other media (potato, carrot, V8, GoRopKowA agar) often a reddish 
to pink pigment is produced. This pigment is not of carotenoid nature. 

Slide cultures: Usually only a rudimentary pseudomycelium 
or no pseudomycelium is formed. Occasionally a rather well-developed 
pseudomycelium of the ““Mycocandida’”’-type. 

Sporulation?): Isogamous conjugation may precede ascus for- 
mation, but very often there is no conjugation immediately preceding 
ascus formation or infrequently a heterogamous conjugation. 1—4 spores 


Fie. 43 — Sacch. lactis 
After 3 days in malt extract 


1) From one strain we could isolate both types. They were for the rest exactly 


alike. 
2) 2 of the 5 strains studied formed ascospores. 
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are formed per ascus. The spores are round. Usually soon after formation 


they are liberated from the ascus. They germinate readily when brought 
into fresh media. 


Fermentation: Glucose + Maltose — (very seldom 
Galactose + after several days’ in- 
Saccharose + cubation a few gas 
bubbles are formed) 
Lactose + 
Raffinose + 1 
Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose + 


Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Good growth occurs. 
Splitting of arbutin: Positive. 


6 Discussion 


In this species are brought the strains which ferment glucose, galactose, 
saccharose, lactose and raffinose up to melibiose and which assimilate 
all the sugars tested, so also maltose. Moreover these strains are charac- 
terized by the splitting of arbutin and by a good growth in media with 
ethanol as source of carbon. A reddish pigment of non-carotenoid nature 
is produced on various media (cf. chapter II, p. 30). 

This species can easily be distinguished from Sacch. fragilis, the other 
species in this genus which ferments lactose, for instance by its assimilation 
of maltose and by the shape of the spores. 

There is some variation in the shape and the size of the cells, but these 
differences are so gradual that it is not possible to separate some of the 
strains in a different species or variety. 

Also there were observed two types in the aspect of the streak culture. 
Since, however, the two types were even isolated from one strain a 
separation could not be made on this basis either. 

Since we do not recognize a subdivision of the genus Saccharomyces 
in the subgenera Saccharomyces and Z ygosaccharomyces this species belongs 
to the genus Saccharomyces. 


Saccharomyces lactis has to be regarded as the perfect form of Torulo psis 
sphaerica. 


e Origin of the strains studied 


5 strains were studied. 
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Two strains were received as Zygosacch. lactis. One of these strains was received 
in 1930 from ALLEN (England). It had been isolated from gassy cheese and was 
described. by ALLEN and THORNLEY (1929). 

The other strain was obtained in 1931. It was isolated from milk and described 
by TrtrerR in 1928. This is the strain from which the two different types on malt 
agar were isolated. 

Authentic strains of Zygosacch. casei and Zygosacch. versicolor were received in 
1932 and 1933 from Saccuertti (Italy). Both were isolated from soft Italian cheese. 

The fifth strain was isolated in 1938 in Delft (Holland) from buttermilk. 


As the type strain of this species the strain received from ALLEN has 
been chosen. This strain was also studied by STELLING—DEKKER. 


Besides these five strains still another strain was studied. It was received in 1937 
from LAFFER (U.S.A.) and together with other strains described by him in 1936. 
It belongs to his type D. 

This strain was identical with the five other strains, except that saccharose and 
raffinose were not fermented. Saccharose was assimilated. (The assimilation of 
raffinose was not tested). LAFFER, however, mentioned in his description fermentation 
of saccharose. 

In 1946 this strain was still sporogenous, but since that time it lost the ability 
to form spores. In 1946 one-spore cultures were made which were all unable to 
ferment saccharose, but assimilated this sugar. 

From an unpublished study made by Mrs J. G. REVALLIER-WARFFEMIUS in the 
Laboratory of Microbiology at Delft we learnt that this strain is able to ferment 
saccharose, if lactose is present. 


15. SACCHAROMYCES ROSEI (GUILLIERMOND) NOV. COMB. 


a Synonyms 


Torulaspora rosei Guilliermond (1913) 

Saccharomyces torulosus Osterwalder (1924) 

Saccharomyces chevalieri Guilliermond var. torulosus (Osterwalder) Dekker 
(Stelling—Dekker 1931) 

Zygosaccharomyces globiformis Kroemer et Krumbholz (1931) 

?Debaryomyces globosus Klécker (1909) 


6 Original description and historical survey 


Rose (1910) isolated this yeast twice from slime exudation of oaks. He gave the 
following description: 

The shape of the cells is that of Torula yeast, almost round, 3,5—4 Ml 

In malt extract there is rather good growth but no fermentation. 

Sporulation on gypsum blocks. Usually 1 or 2, seldom 3 spores per ascus. 
Conjugation preceding ascus formation was not observed, but protuberances re- 
sembling conjugation tubes and measuring one fourth or one third of the diameter 
of the cells are frequently formed. Spores are formed both in cells with and without 


protuberances. 
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Fermentation: Glucose, saccharose, raffinose are fermented, and also trehalose 
and inulin but less vigorously. 

Rose did not classify this yeast. GUILLIERMOND (1913) brought it into the genus 
Torulaspora, because its cells are round and conjugation tubes are formed, whereas 
no conjugation occurs. He named it Torulaspora rosei. He observed 1—4 spores 


in the ascus. 
STELLING—DEKKER (1931) accepted GuILLIERMOND’s classification. 


We will now shortly discuss the other synonyms of Sacch. rosei. 
In 1924 OsTERWALDER described a yeast which he isolated from grape juice. 
f He named it, probably because the round shape of the cells reminded him of the 

Torula yeasts, Saccharomyces torulosus. His description runs as follows: 

In pear juice after 18 days the cells are round, 2,7—6,5 uw in diameter, or 
round-ellipsoidal, 5,4 x 6,5 wu. After 5 days islets and a ring are formed. 

In malt extract there is not much growth, the cells often adhere to each other. 

Sporulation: Few asci are formed which contain 1, 2 or 3 round spores, 


2,7—3 mu. 
Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose + Raffinose + 1 


STELLING-DEKKER (1931) classified this yeast as a variety of Saccharomyces 
chevalieri Guilliermond, i.e. Sacch. chevalieri var. torulosus. 

Zygosaccharomyces globiformis was isolated several times from grapes by KRoEMER 
and KrumByorz (1931). Krumpnorz (1931) gave the following description: 

Growth in grape must: After 4 days at 25° C. cells are round, elliptical or 
obovoid, single or in short chains. Round cells measure 4,5—7 wu, elliptical cells to 
7 x 7,5 wu. In the yeast ring after three weeks large round cells up to 8 w are formed. 

After several weeks’ cultivation a grey-whitish pellicle is formed which covers 
the liquid totally or partly. 

Growth in malt extract is the same as in grape must, only the pellicle is 
thinner. 

Sporulation: Spores are easily formed on yeast extract gelatin with glucose 
or saccharose or on GoropKOWwa agar. The way in which the spores are formed is 
different, not only for the various strains but it also may vary within one strain. 
Protuberances which may be interpreted as conjugation tubes are frequently formed 
but often do not perform their function. Besides a heterogamous conjugation is 
usually found, but isogamous conjugation also occurs and there are many transitions 
between the two. Often there is no conjugation. In the latter case the spores are 
frequently formed in the cells with one or more conjugation tubes. In the ascus 

—4 spores were observed. The spores are round. They measure on the average 
3—4 w in diameter, but they may vary between 1,8—5 Ma 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose + Raffinose + ¥%4 


In 1933 KrumBHotz drew attention to the close relationship between Torulaspora 
roset and Zygosaccharomyces globiformis. He considered the genus Torulaspora not 
valid and brought the species belonging to this genus into the genus Zygo- 
saccharomyces. According to him a further study would be necessary to invest igate 
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whether Torulaspora rosei and Zygosacch. globiformis and perhaps also Torulaspora 
lactis (Saccharomyces lactis y Dombrowski) are identical. This investigation was 
made by SaccHerti (1934). He came to the conclusion that Torulaspora rosei and 
Zygosacch. globiformis are perfectly identical. Besides the other characteristics 
which were alike for the two yeasts he, moreover, found that both were able to 
ferment inulin. 

CASTELLI (1940), who studied 20 strains of 7. rosei, isolated by himself, and one 
authentic strain of Zygosacch. globiformis, also came to the conclusion that all 
belong to the same species. Since he observed in none of these 21 strains a con- 
jugation, he still wanted to maintain this species in the genus Torulaspora. 

In 1909 Kié6cKeER described a new species in a new genus: Debaryomyces globosus. 
He isolated this yeast from a sample of soil from the isle of St. Thomas (The Antilles). 
He gave the following description: 

In malt extract the cells are round, diameter 4,5—5 yw. No pellicle or a very 
thin pellicle is formed and after a long time of incubation a small ring. 

Sporulation is abundant on gypsum blocks. The spores are round with a warty 
wall and with an oildrop in the middle. Usually conjugation precedes ascus 
formation. Conjugation is usually isogamous but occasionally heterogamous. Spores 
are formed in only one cell or in both cells composing the ascus. 

Fermentation: Glucose + Maltose — 

Saccharose + Lactose — 

The property of this yeast to form warts on the spore wall induced KL6cKER 
to create a new genus for this species, 7.e. Debaryomyces. 

STELLING-DEKKER (1931) studied this yeast. She could confirm the results of 
Kxécxer. Sporulation was very difficult to obtain, but was observed on gypsum 
blocks after two months. The spores were round with a warty spore wall. 


» y Standard description of Saccharomyces roset 


Growth in malt extract: After 3 days at 25° C. cells are 


almost round, single or in pairs or occasionally in little groups, 2,5—7 yu 
(Fig. 44). A sediment is formed and in- 


frequently a small ring, occasionally some 


islets. 
J After one month at 17° C. a sediment 


) and often also a ring. 
Growth on malt agar: After 


3 days at 25° C. cells are almost round, 


single, in pairs or occasionally adhering 
aoe Ce aa ae to each other in small groups, (2—6) x 
After 3 days in malt extract 
(2—6,9) pw. 
The streak culture after one month at 17° C. is glistening, greyish to 
brownish cream-colored, smooth or covered with small warts or with 


light structure. Margin smooth or slightly lobated. 
Slide cultures: Pseudomycelium is not formed. 
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Sporulation!): Protuberances resembling conjugation tubes are 
always present in the sporulating strains, often also in the strains which 


no longer form spores, when grown on Dy 


sporulation media. Besides no conjugation, 
isogamous, but also heterogamous conju- Q @Q) is 
gation may occur. 1—3, but mostly 2 round @) ence ire) 
ascospores are formed in the ascus (Fig. 


45). Os 


Fermentation: 


IL GOBE Fa Nee Fie. 45 — Sacch. rosei 
Galactose — Lactose — Spores on GoropkoWA agar 
Saccharose + Raffinose + ¥3 after 6 days (strain Melliger) 
Inulin *) + (occasionally weak) 
Sugar assimilation: Glucose + Maltose — 
Galactose — Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Usually no growth, 
occasionally growth; formation of a thin pellicle may occur. 
Splitting of arbutin: Absent. 


6 Discussion 


The standard description is in good agreement with the original 
description of Torulaspora rosei, Saccharomyces torulosus and Zygo- 
saccharomyces globiformis. 

As we have explained on p. 58 we agree with KrumBuontz and 
SACCHETTI in not accepting the genus Torulaspora. Since we neither 
separate Zygosaccharomyces in a genus or subgenus from Saccharom yces, 
this species belongs to the genus Saccharomyces. Because rosei is the 
oldest specific name of the four first mentioned synonyms, the name of 
this species is Saccharomyces rosei. 

We do not agree with Srertinc—DEKKER’s classification of the strain 
of Sacch. torulosus as a variety of Saccharomyces chevalieri. The round 
shape of the cells which is very prominent clearly separates it from the 
latter species. 

KRUMBHOLZ mentioned Torulaspora lactis or Saccharomyces lactis » 


/ 
Dombrowski as a possible synonym of this species. Although occasionally 





1) 4 of the 11 strains studied still formed spores. 
*) The fermentation of inulin was studied in these strains, since this characteristic 
was especially established for this species. 
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in the literature one comes across the designation Torulaspora lactis for 
Sacch. lactis y, neither DomBRowskI nor any other author classified this 
yeast in the genus J'orulaspora. From DomBrowskt’s description (1910) 
it is clear that this yeast is related to Sacch. rosei, but since it ferments 
galactose it is obviously different from the latter. 

As we have explained on p. 58 we cannot accept the genus Debaryo- 
myces as defined by KL6cKER and others, since the forming of a warty 
spore wall is not a property adequate to be used as the only characteristic 
in generic differentiation. Therefore the genus was emended by excluding 
the species characterized by a strong fermentative power; among them 
was D. globosus. This species now belongs to the genus Saccharomyces. 
If it should appear that the warts on the spore wall are distinct and 
generally present D. globosus should be classified as a separate species in 
the genus Saccharomyces. Unfortunately our two strains did no longer 
sporulate, so that we had no insight in the aspect of the spores. 

Since in all other respects the two strains are fully identical with 
Sacch. rosei, we will provisionally bring them into this species. We listed 
D. globosus among the synonyms of Sacch. rosei with a question mark’). 

Sacch. rosei has to be regarded as the perfect form of Torulopsis stellata 
var. cambresvert. 


e Origin of the strains studied 


11 strains were studied. 

Six strains, labeled Torulaspora rosei, were received. One of these strains was 
obtained in 1913 from GurILLIERMOND (Paris) who isolated it. Three strains were 
received in 1927 from Nacanisu1 (Manchuria). One of these strains came from 
CGUILLIERMOND, the others were isolated in the “C.L.M.R.” at Dairen, Manchuria. 

CHopat (Switzerland) sent in 1931 a strain isolated by Metuicer (1931) from 
dates. LoppER (1932) identified it with Torulaspora rosev. 

The sixth strain, labeled Torulaspora rosei was obtained in 1934 from CASTELLI 
(Italy) who isolated it from grape must. 

An authentic strain of Saccharomyces torulosus was sent by OSTERWALDER 
(Switzerland) in 1923. It had been isolated from grape juice. 

A strain labeled Zygosacch. globiformis f. typica was obtained in 1931 from 
Kroemer. It had been isolated from grapes. 

Two strains labeled D. globosus were received which both, most probably, 
originate from the same culture. One was received in 1924 from the Carlsberg 
Laboratory at Copenhagen. It is the strain which KiécKeEr isolated from a soil 





1) After the discussion had been printed Dr L. J. WICKERHAM kindly sent us 
a sporulating strain of D.globosus for which we are much indebted to him. The 
spores in this strain are distinctly warty. Consequently this yeast has to be 
classified as a separate species in the genus Saccharomyces. 


? : 
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sample of St. Thomas (The Antilles). The second strain was received in 1948 from 
WinceE (Copenhagen). . 

An unlabeled strain was received in 1946 from a sugar refinery in England. It 
had been isolated by Scarr from raw Cuban cane sugar. 


The strain which originally came from GUILLIERMOND and was sent 
by NaGanIsui in 1927 and which has been studied by StELLING—DEKKER, 
has been chosen as the type strain of this species. 


Two more strains, labeled Torulaspora rosei, were received from ETCHELLS 
(U.S.A.) who isolated them from fermenting cucumber brine. ETcHELLS and BELL 
(1950) reported that the strains formed 4 spores per ascus. Their salt tolerance 
was between 15 and 20 %. Rapid growth and fermentation of 40 % and 60 % 
sugar solutions was obtained. 

We found that they were different from the other strains in weakly assimilating 
maltose. This assimilation could not be verified with the auxanographic method. 
In the liquid maltose medium after one week a slight growth was observed; after 
two weeks fair growth occurred, although not so abundant as in the medium with 
glucose. Repeated tests taught that the assimilation of maltose is, however, un- 
deniable. In this respect these strains form a transition from Sacch. rosei to Sacch. 
fermentati, which mainly differs from Sacch. rosei in fermenting and assimilating 
maltose. ' 


16. SACCHAROMYCES CHEVALIERI GUILLIERMOND 


a Synonyms 


Saccharomyces lindneri Guilliermond (1914) 

Saccharomyces chevalieri Guilliermond var. lindneri (Guilliermond) Dekker 
(Stelling—Dekker 1931) 

Saccharomyces mangini Guilliermond (1914) 

Saccharomyces mangini Guilliermond var. casei Sacchetti (1933) 


6 Original description and historical survey 


In 1914 Gur~treRMonD described several yeast species isolated from wines in 
Africa. Three of them were: Sacch. chevalieri, Sacch. lindnert and Sacch. mangini. 
The description of Sacch. chevalieri runs as follows: 

In malt extract: Cells are round, ovoid or sausage-shaped, (4—7) x (5—9) nu, 
often in chains of 5—10 cells. A sediment and after some time a ring is formed, 

Sporulation: The spores are round; 1—4 per ascus. The greater part of the 
spores germinates after preceding conjugation. 

Fermentation: Glucose + Maltose — 

Galactose — Lactose — 
Saccharose -+- 

STELLING—DEKKER (1931) was able to check these data on a strain which was 
said to be authentic. She further found the fermentation of raffinose 1,4, no 
assimilation of nitrate and hardly any growth with ethanol as sole source of carbon, 
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The properties of Sacch. lindneri are closely related to those of Sacch. chevalieri. 
STELLING—DEKKER (1931) classified the former as a variety lindneri of Sacch. 
chevalieri. ‘The variety showed good growth with ethanol as sole source of carbon. 

This strain was found to be homothallic and homozygous by WINGE and 
Roperts (1949). For the formula of the genes responsible for the breakdown and 
the fermentation of the various sugars as given by WINGE and Roserts (1948, 
1950 a), WINnGE (1949), Gr~LLILAND (1949) we refer to chapter III, p. 43. 

The main difference between Sacch. mangini and Sacch. chevalieri given both by 
GUILLIERMOND and STELLING-DEKKER is the fermentation of galactose, positive 
for the former and negative for the latter. 


A variety casei of Sacch. mangini has been described by SaccuErrt (1933). He 
isolated it from cheese. 


| y Standard description of Saccharomyces chevalieri 


Growth in malt extract: After 3 days at 25° C. cells are 
round to oval and long-oval, (3—6) x (4—8) mw, some up to 12 w long, 
single or in pairs (Fig. 46). A sedi- 
ment and sometimes a thin ring 

are formed. 

After one month at 17° C. a 
sediment, a ring and occasionally 
some islets are present. 
Growth on malt agar: 

Cy After 3 days at 25° C. cells are 
round to oval, (2,5—5) x (4—10) 
; some cells are. more elongate, 
up to 15 mw length, single or in 
pairs. 
After one month at 17° C. the streak culture is cream-colored to 
yellowish-brown, soft, smooth, pointed, or wrinkled partly or over the 
whole surface. 

Slide cultures: Pseudomycelium is formed. It may be rather 
ell developed of the types ‘“Mycocandida” or ‘‘Mycotoruloides” or 
onsisting of small trees of equal oval or somewhat elongate cells. 

Sporulation!): The spores are round; 1—4 per ascus. 





Fie. 46 — Sacch. chevalieri 
After 3 days in malt extract 





Fermentation: Glucose + Maltose — 
Galactose + Lactose — 
(occasionally Raffinose + ¥ 


weak or —) 
Saccharose + 





1) The 7 strains studied all formed spores. 
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Sugar assimilation: Glucose + Maltose — 
Galactose -+ Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth or weak 


growth. 
Splitting of arbutin: Absent. 


6 Discussion 

It was pointed out in the historical survey that the species Sacch. 
chevalieri and Sacch. mangini as described by GUILLIERMOND and later 
by STELLING-DEKKER show a great resemblance. 

The difference, formerly detected, viz. the fermentation of galactose, 
proved to be relative. The fermentation of galactose in the authentic 
strain of Sacch. chevalieri is weaker than that in GUILLIERMOND’s strain 
of Sacch. mangini. The assimilation of galactose is positive in both strains. 

STELLING-DEKKER’s variety lindneri of Sacch. chevalieri and SACCHETTI’S 
variety casei of Sacch. mangini have been rejected. 


e Origin of the strains studied 


7 strains were studied. 

The strain of Sacch. chevalieri was obtained from the ‘“C.L.M.R.”’ (Dairen, 
Manchuria) in 1927 and has probably been isolated by GUILLIERMOND from palm- 
wine (Hlaeis guineensis) at the Ivory Coast. 

The strain of Sacch. mangini came in 1925 from GUILLIERMOND (Paris) who 
isolated it from Bili-wine (Osbeckia grandiflora) in Western Africa. 

The strain of Sacch. chevaliert var. lindneri was also sent by GUILLIERMOND in 
1925 and had been isolated from ginger-wine (Zingiber officinale) in Western Africa. 

The strain of Sacch. mangini var. casei was sent in 1933 by SaccHerrt (Italy) 
who isolated it from ‘“‘stracchino’’, a kind of Italian cheese. 

Of the remaining four strains one came from juice of the Arenga-palm, isolated 
by Reyne (Celebes) in 1931. 

The second strain had been isolated from fermenting cocoa by ROELOFSEN (Java) 
in 1936. 

The third strain was sent by ScHAEFFER (Java) in 1946. It had been used as 
baking yeast in the prisoners’ camps in Java during the Japanese occupation. 


The strain of Sacch. chevalieri which has probably been isolated by 
GUILLIERMOND has been chosen as the type strain of the species. 


17. SACCHAROMYCES BISPORUS (NAGANISHI) NOV. COMB. 
a Synonyms 


Zygosaccharomyces bisporus Naganishi (1917) 
[nee Zygosaccharomyces bisporus Anderson (1917)] 


* 
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Saccharomyces disporus nom. nud. (Beijerinck 1908) 
Debaryomyces disporus (Beijerinck) Dekker (Stelling—Dekker 1931) 


P Original description and historical survey 


Since NaGanisur’s description (1917) of Zygosaccharomyces bisporus is written 
in Japanese, we could not read it. Only the pictures in his paper could be considered. 
According to these the cells are oval, (3—4) x (4—6)u, single or in pairs. The 
giant colony is almost smooth with a slightly lobated border. An isogamous 
conjugation precedes ascus formation; the spores are round, usually 2, seldom 3 
spores are formed in the ascus. 

STELLING—DEKKER who studied a strain received from Sarro gave the following 
description: 

In young malt extract cultures cells are oval, (2,5—4) x (4,5 —7) Ms 
single or in pairs; a sediment is formed. 

In young malt agar cultures cells are oval, (3,5—5,5) x (4—8) yp, single 
or in pairs. 

The streak culture on malt agar after 75 days at 15° C. is greyish-yellow, soft, 
glistening, almost smooth with a lobated border. 

Sporulation: Parthenogenesis prevails, isogamous conjugation seldom occurs; 
1—4 spores are formed in the ascus, on carrot usually 2. 

Fermentation: Glucose (fructose, mannose) is strongly fermented, saccharose 
and raffinose very weakly, whereas there is no fermentation of galactose, maltose 
and lactose. 

Nitrate is not assimilated. 

In the same year (1917) ANDERSON described also a Zygosaccharomyces bisporus. 
It is clear from his description that this is a quite different organism. It could be 
identified with Pichia membranaefaciens. 


In 1908 BrersERINCK mentioned among the yeasts which are capable of with- 
standing higher temperatures than baker’s yeast or wine yeast, Saccharomyces 
disporus, but he gave no description. Consequently Saccharomyces disporus is a 
,nomen nudum’’, 

STELLING—-DEKKER (1931) described this yeast as follows: 

In young malt extract cultures: Cells are round, 3,5—7 p, single or in 
pairs; a sediment and a ring are formed. 

In young malt agar cultures: Cells are round, 2—6 wu. The streak culture 
on malt agar after 75 days at 15° C. is pale brown-grey, soft, dull-glistening, slightly 
covered with little warts. 

Sporulation: Heterogamous conjugation preceding ascus formation or par- 
thenogenesis occur. Spores are slightly angular, diameter 2 mu, the spore wall is 
probably warty, 1—2 spores per ascus. 

Fermentation: Glucose (fructose, mannose) is only fermented. 

Nitrate is not assimilated. 

Because of the way in which the spores are formed and because of the supposed 
roughness of the spore wall STELLING-DEKKER considered this species to belong 
to the genus Debaryomyces. She named it Debaryomyces disporus. 
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¢ y Standard description of Saccharomyces bisporus 


Growth in malt extract: After 3 days at 25° C. cells are 
small, oval to long-oval, single or in pairs. The oval cells measure 
(2,5—4) x (3,5—7) ; the long-oval cells may have a length up to 10 yp. 
Some strains have oval cells, others long-oval cells, whereas there are also 
strains with both (Fig. 47). A sediment is 
formed. 

After one month at 17° C. a sediment 
and occasionally a thin ring. 

Growth on malt agar: After 3 

' days at 25° C. cells are small, oval or 
long-oval, single or in pairs, (2,5—4) x ; 
(3,5—8,5) wu. 

The streak culture after one month at 
17° C. is cream-colored or brownish to 
cream-colored, glistening, flat and almost 
smooth. 

Slide cultures: No pseudomycelium is formed. 

Sporulation'’): Spores are round to slightly oval, 1 or 2 spores 
are formed in the ascus. Iso- or heterogamous conjugation may precede 
ascus formation, but frequently there is no conjugation immediately 
preceding the ascus formation. . 





Fie. 47 — Sacch. bisporus 
After 3 days in malt extract 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 
Sugar assimilation: Glucose + Maltose — 
Galactose +, Lactose — 
seldom — 
Saccharose — 


Assimilation of potassium nitrate: Absent. 
Kthanol as sole source of carbon: No growth. 
Splitting of arbutin: Absent. 


6 Discussion 


The standard description is in good agreement with the few data we 
could trace from NaGantsui’s description and with SreiiinGc-DEKKER’s 
description of Zygosaccharomyces bisporus except that we could not 
confirm the weak fermentation of saccharose and raffinose found by her. 


) The 4 strains studied all formed spores. 
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There are greater divergences between the standard description and 
the description given by STELLING—-DEKKER of Saccharomyces (Debaryo- 
myces) disporus. 

Generally the cells are shorter than those of the Zygosacch. bisporus 
strain, but since we studied other strains belonging to this species which 
showed many transitions in cell shape from short-oval to long-oval, it is 
impossible to distinguish the two as different species or even varieties. 

In the strain of Sacch. disporus no conjugation was observed. Single- 
spore cultures, however, showed besides absence of conjugation frequently 
heterogamous and seldom isogamous conjugation. The spores are round 
to slightly oval and no warts were observed on the spore wall. 

As Sacch. disporus is a “nomen nudum”’ this name, although the older 
one, cannot be used. 

Since Zygosaccharomyces is not accepted by us either as a genus or as a 
subgenus this yeast should be named Saccharomyces bisporus. 


e Origin of the strains studied 


4 strains were studied. 

A strain labeled Zygosacch. bisporus was received in 1923 from Sarro (Japan). 
This is the strain STELLING-DEKKER studied. 

The strain of Sacch. disporus was received from BrtsERINCK (Holland). It had 
been isolated from exudate of an oak. 

Two other strains were received in 1932 from Borp1sn (Java). They had been 
isolated from the so-called “tea fungus”, a mixture of bacteria and yeasts used 
for the manufacture of teabeer. 


Sarro’s strain has been chosen as the type strain of this species. 


18. SACCHAROMYCES PASTORI (GUILLIERMOND) NOV. COMB. 


a Synonyms 


Zygosaccharomyces pastori Guilliermond (1919) 


6 Original description and historical survey 


GUILLIERMOND isolated this yeast from the exudate of a chestnut. He gave in 


1919 and in 1920 the following description: 
At first round or oval cells are formed, later also small cylindrical cells. In malt 
extract a sediment and after three to four days a ring is formed which easily falls 


down. 

On malt agar and on carrot cells measur 
ion is very easy on carrot. Frequently a heterogamous, seldom an 
arthenogenesis also occurs. 


e 2—6 p. The growth is white. 


Sporulat 
isogamous conjugation precedes ascus formation. P 
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Conjugation tubes are often observed. 1 —4 spores are formed in the cells, usually 4. 
The spores measure 1 yw and are hat-shaped. 
Fermentation: Glucose (fructose and mannose) only is fermented. 
STELLING-DEKKER (1931) who studied an authentic strain, did not observe 
conjugation immediately preceding ascus formation nor the formation of con- 
jugation tubes. 


y Standard description of Saccharomyces pastori 


Growth in malt extract: After 3 days at 25° C. cells are 
round to oval, (2,6—5) x (3,4—5,2) m, single or in pairs (Fig. 48). A 
sediment is formed. 

After one month at 17° C. a sediment and a thin ring. 

Growth on malt agar: After 3 days at 25° C. cells are oval 
or small cylindrical. Oval cells measure (3—4) x (4,3—5,2) uw; cylindrical 
cells (1,7—2,6) x (3,4—4,7) uw; cells are single or in pairs. 


°° FS = 
© - ore 
Oo Fic. 49 — Sacch. 


pastori 
Fie. 48 — Sacch. pastori Spores on 
After 3 days in malt extract carrot 


The streak culture after one month at 17° C. is glistening, smooth, 
flat, cream-colored. 
Slide cultures: No pseudomycelium is formed. 
Sporulation’): On carrot spores are easily formed. Conjugation 
immediately preceding ascus formation may occur; 1—4 spores per ascus. 
The spores are hat-shaped or slightly angular (Fig. 49). 
Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 
Sugar assimilation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 


1) In the strain studied no conjugation preceding ascus formation, but a few 
conjugating cells without spores were observed, 
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Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Absent. 


6 Discussion 


The standard description is in good agreement with the original 
description. Since we did not observe ‘conjugation preceding ascus 
formation it seems that the vegetative cells have partly changed from 
the haploid phase into the diploid phase. 

As Zygosaccharomyces as a genus or a subgenus of Saccharomyces is not 
accepted by us, this yeast belongs to the genus Saccharomyces and should 
be designated as Saccharomyces pastori. 


e Origin of the strains studied 


Only 1 strain, the original strain of GUILLIERMOND was studied. It had been 
isolated from exudate of a chestnut and was received in 1922 from GuILLIERMOND 
(Paris). 


A strain was studied which resembled Saccharomyces pastori very much. It was 
described by Hoxst (1936) as Zygosaccharomyces pini. 

Hotst isolated this species regularly from Dendroctonus and other bark beetles 
or from wood (Pinus species) infested by them. 

He gave the following description: 

In malt extract after 3 days cells are round, ellipsoidal or egg-shaped, 
(2,9—5,5) x (3,6—7) pw. Moderate turbidity with slight ring formation after 
several days. 

Sporulation: Ascospores formed after heterogamous conjugation. Asci contain 
4 hat-shaped spores. Sporulation occurs on the malt agar slants. 

Fermentation: Glucose (fructose and mannose) is very weakly fermented. 

Our results are in good agreement with the description given above. Spores were 
observed in old malt agar cultures. 

The strain of Zygosaccharomyces pini we studied is almost identical with 
Saccharomyces pastori, but for the fermentation of glucose which is very weak 
according to Horst and negative according to our tests. 

Because this strain has no or very little fermentative ability it cannot be 
classified in the genus Saccharomyces. Its resemblance to Saccharomyces pastori is, 
however, so striking, that a classification in another genus or even species seems not 
advisable. We, therefore, will regard this strain as a Saccharomyces pastori strain 
with a reduced fermentative ability. 

The strain studied was received in 1936 from the Bureau of Plant Industry in 
cooperation with the Forest Service at Madison (U.S.A.). 

It was isolated by Ho.st. 
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19. SACCHAROMYCES FERMENTATI (SAITO) NOV. COMB. 


a Synonyms 


Torulaspora fermentati Saito (1923) 
Zygosaccharomyces fermentati (Saito) Krumbholz (1933) 
[nee Zygosaccharomyces fermentati Naganishi (1928)] 
Saccharomyces beticus race y Marcilla (Marcilla, Alas y Feduchy 1936) 
Zygosaccharomyces ewpagycus Sacchetti (1939) 
Debaryomyces dekkeri Mrak, Phaff, Vaughn et Hansen (1942) 


6 Original description and historical survey 


In 1923 Sarro described a yeast which he named Torulaspora fermentati, isolated 
from a mash prepared for the manufacture of Manchurian Sorghum brandy 
(Kaoliang—Chiu). The description runs as follows: 

In young koji extract cultures: Cells are small, roundish, 4—6,5 mw in 
diameter, single or in little chains. 

Sporulation: On GoropxKowa agar cells with protuberances appear which 
may form spores. Conjugation preceding ascus formation was never found. 1 or 2 
round spores were observed. 


Fermentation: Glucose + Maltose + 
Galactose — Lactose — 
Saccharose ++ Raffinose + 
Sugar assimilation: Glucose + Maltose + 
Saccharose + Lactose — 


Assimilation of potassium nitrate: Absent. 

STELLING—DEKKER (1931) who studied an authentic strain of this yeast, agreed 
with Sarro’s classification. 

KRUMBHOLZ (1933) after a comparative study of a strain of Torulaspora rosei and 
several strains of Zygosaccharomyces globiformis came to the conclusion that there 
is no real difference between the two genera. He included the Torulaspora species 
in the genus Zygosaccharomyces. Torulaspora fermentati was designated as Zygosacch. 
fermentati (Saito) Krumbholz. Evidently KrumpHonz was unaware that NAGANISHI 
in 1928 had given the name Zygosacch. fermentati to quite another yeast species 
which we found to be identical with Sacch. cerevisiae var. ellipsoideus. 


The other synonyms of Saccharomyces fermentati will now be discussed. 

Saccharomyces beticus was isolated from grape must and from the pellicle on 
wines which originated from Cordoba. This yeast is reported to give a typical 
flavor and taste to these wines. It was described in 1936 in an article by Marcriia, 
Auas and Fepucnry. Three races: a, B, y were distinguished according to the aspect 
of the giant colony and the sugar fermentation. a@ does not ferment maltose, 6 and 
y do; 8 ferments raffinose very weakly whereas y ferments this sugar for one third. 
Obviously the race y only is identical with Sacch. fermentati. Very likely we studied 
a strain of race y. 

Zygosaccharomyces euwpagycus was isolated in 1934 from orange lemonade manu- 
factured in Bologna. The name eupagycus probably expresses the property of this 
yeast to form a compact sediment in- and a compact layer on various nutrient media. 
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, Debaryomyces dekkeri was isolated from souring figs and described by Mrax, 
‘PHarr, VAUGHN and Hansen (1942): 

In malt extract the cells are spherical. 

Sporulation: Isogamous or heterogamous conjugation occurs. Cells may form 
abortive conjugation tubes. 1 or 2 spores are formed in one of the conjugating cells, 
The spores are spherical and rough with an oildroplet in the middle. 


Fermentation: Glucose + Maltose + 
Galactose — Lactose — 
Saccharose + Raffinose + 1% 


y Standard description of Saccharomyces fermentati 


Growth in malt extract: After 3 days at 25° C. cells are 
round to short-oval, single or in pairs, (3—7) « (3—8) bw (Fig. 50). A 
| O sediment is formed and often a thin ring. 


oe Occasionally +) a few islets a formed. 
OO After one month at 17° C. a sediment and 
Cdn a ring are formed. 
= O roan Growth on malt agar: After 3 
LA single or in pairs, (2,6—5,5) x (3—6,2) p. 
The streak culture after one month at 17° 
Y C. is glistening, often dull-glistening, slightly 
raised in the middle, brownish to cream- 
colored, smooth or with some structure, margin 
usually slightly lobated. 
Slide cultures: A pseudomycelium is not formed. 
Sporulation*?): Isogamous or heterogamous conjugation may 
occur, but also ascus formation without immediately preceding con- 
jugation occurs. Cells with protuberances may be formed. Spores are 


round, usually with an oildroplet in the middle. 1 or 2 spores are formed 
in the ascus. A spore may be formed in each of the conjugating cells. 






days at 25° C. cells are round to short-oval, 


Fig. 50 — Sacch. fermentati 
After 3 days in malt extract 


Fermentation: Glucose + Maltose + 
Galactose — Lactose — 
Saccharose + Raffinose + 1% 
Sugar assimilation: Glucose + Maltose + 
Galactose — Lactose — 


Saccharose -+ 
Assimilation of potassium nitrate: Absent. 


1) This was observed in the strain labeled Sacch. beticus. 
2) 2 of the 5 strains studied formed ascospores. 
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Ethanol as sole source of carbon: Usually no growth, 


but occasionally growth. 
Splitting of arbutin: Absent. 


6 Discussion 


The strains with round or short-oval cells which form no pseudo- 
mycelium and which ferment glucose, saccharose, maltose and raffinose 1, 
and which neither ferment nor assimilate galactose and lactose were 
classified in this species. 

As we have explained on p. 58 we agree with KRUMBHOLZ in not 
accepting the genus Jorulaspora. Since we do not separate Zygo- 
saccharomyces either as a genus or as a subgenus from Saccharomyces 
this species belongs to the genus Saccharomyces. Because fermentati is the 
oldest specific name of the synonyms this species should be named 
Saccharomyces fermentatt. 

Generally the standard description is in good agreement with the 
original descriptions of the synonyms. Concerning the description of 
Debaryomyces dekkeri we observed some small differences, however, 
although we studied an authentic strain of this species. We found the 
cells to be bigger, the spores are not rough but smooth. 

Because of its strong fermentation it does not belong to the emended 
genus Debaryomyces, but it is fully identical with Saccharomyces fermentati. 

Sacch. fermentati has to be regarded as the perfect form of Torulopsis 
colliculosa. 


é Origin of the strains studied 


5 strains were studied, 

Two strains labeled Torulaspora fermentati came in 1927 from NAGANISHI 
(Manchuria). Both strains were isolated from a mash prepared for the manufacture 
of Sorghum brandy, one by Sarro and one by Nacanisui. The latter strain can 
still sporulate. 

An authentic strain of Sacch. beticus was received in 1947 from MARCILLA (Spain). 
It had been isolated from grape must or from wines originating from Cordoba. 

An authentic strain of Zygosacch. eupagycus was obtained in 1939 from SaccuErrt 
(Italy). It was isolated in 1934 from orange lemonade. 


An authentic strain of Debaryomyces dekkeri isolated from souring figs came in 
1946 from Mrak (U.S.A.). 


The authentic strain of Torulaspora fermentati isolated by Sarro has 
been chosen as the type strain of this species. 
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20. SACCHAROMYCES HETEROGENICUS OSTERWALDER 


6 Original description and historical survey 


OSTERWALDER (1924) isolated this species from apple juice. He gave the following 
description: 
In malt extract: Cells are ovoid, ellipsoidal or long-ellipsoidal, up to a length 
of 13 w. A ring is formed. 
Sporulation: The spores are round. 
Fermentation: Glucose + Maltose + 
Galactose — Lactose — 
Saccharose + (slow) Raffinose — 
STELLING—DEKKER (1931) who studied a strain obtained from OsTERWALDER 
found the following data: 
In malt extract: Cells are long-oval, (2,5—6) x (6—13) yw, single or in pairs. 
A sediment and a thin ring are formed. 
On malt agar: Cells are oval to sausage-shaped, (3—7) x (6—24) mw, single 
or in pairs. 
Sporulation: Spores were not observed. 


Fermentation: Glucose + Maltose + 
Galactose — Lactose — 
Saccharose + Raffinose — 


Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Poor growth. 


y Standard description of Saccharomyces heterogenicus 


Growth in malt extract: After 3 days at 25° C. cells are 
oval to long-oval, (3—6) x (6—12) yu, 
single or in pairs (Fig. 51). A sediment 
is formed. 

After one month at 17° C. a sedi- 
ment and a ring are present. 

Growth on malt agar: After 
3 days at 25° C. cells are oval to 
long-oval, (3—6) x (4,5—11) y, single 
or in pairs. 





Fic. 51— Sacch. heterogenicus 
reeegieee an See Sximect After one month at 17° C. the streak 


culture is greyish-yellow, soft, smooth and shining. . 
Slide cultures: A rather primitive pseudomycelium of a tree-like 


formation. 
Sporulation?): The spores are round; 1—4 per ascus. 


1) Few spores were observed on GoropKowa agar and on the V8 medium in 


the only strain studied. 
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Fermentation: Glucose + Maltose + 
Galactose — Lactose — 
Saccharose + Raffinose — 
Sugar assimilation: Glucose + Maltose + 
Galactose — Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Absent. 


6 Discussion 


Our results are in good agreement with OsTERWALDER’s description. 

This species is characterized by a very notable fermentative ability: 
remarkably raffinose is not fermented, although the fermentation of 
saccharose is positive. 


é Origin of the strains studied 


1 strain was studied. 
It was received in 1923 from OsTERWALDER (Switzerland) who isolated it from 
apple juice, 


21. SACCHAROMYCES MICROELLIPSODES OSTERWALDER 


6 Original description and historical survey 


OSTERWALDER (1924) isolated this species from apple must. He gave the following 


description: 
In fruit juice: The cells are small, round to oval, 3,3 —6,6 # long, or ellipsoidal, 
2,6 xX 8 mu. 
Sporulation: Very difficult. In yeast water after 6 months a few spores. 
Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose + Raffinose + complete 
STELLING—DEKKER (1931) who studied OsteRwaLpgER’s strain gave as additional 
data: 


Growth in malt extract: After 3 days at 25° C. cells are round to oval, 
(2,5—4) x (4—6) yw, single or in pairs, 

Growth on malt agar: After 3 days at 25° C. cells are oval, (2,5 —4,5) x 
(3,5—6,5) mw, single or in pairs. 

Sporulation: No spores could be detected. 

Assimilation of potassium nitrate: Absent. 


y Standard description of Saccharomyces m icroellipsodes 


Growth in malt extract: After 3 days at 25° C. cells are 
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round to oval, (3—5) x (4—6,5) w, single or in pairs (Fig. 52). A sediment 
is formed. 

After one month at 17° C. a sediment 
and a ring are present. 

Growth on malt agar: After 
3 days at 25° C. cells are oval, (2,5—4,5) x 
(3,5—6,5) mw, single or in pairs. 

After one month at 17° C. the streak 
culture is greyish-brown, soft, smooth and 
shining. 

Fic. 52 — Sacch. microellipsodes : i a SS Wert Riess Seg he 

After 3 days in malt extract celium is formed. 

Sporulation!): According to the 
original description the formation of spores is very difficult. 





Fermentation: Glucose + Maltose — 
Galactose -+- Lactose — 
(very weak) 
Saccharose + Raffinose + complete 
Sugar assimilation: Glucose + Maltose — 
Galactose -+ Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Absent. 


e Origin of the strains studied 


1 strain was studied. 
It was obtained in 1923 from OsTERWALDER (Switzerland) who isolated it from 
apple must. 


22. SACCHAROMYCES OVIFORMIS OSTERWALDER 


a Synonyms 

Saccharomyces cheresiensis Prostosserdow et Afrikian (1933) 

Saccharomyces oviformis Osterwalder var. bisporus Castelli (1938) 

6 Original description and historical survey 

OSTERWALDER (1924) isolated this species from grape juice in Champagne. He 


gave the following description: 


1) No ascospores could be detected in the strain studied. 
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In malt extract: Cells are ovoid to 10,6 w long; some are long-ellipsoidal 
up to 12 w. A sediment and islets are formed. 
Sporulation: Spores are formed. 
Fermentation: Glucose + Maltose + 
Galactose + ‘ Raffinose + % 
Saccharose + 
STELLING-DEKKER (1931) studied a strain obtained from OsTERWALDER and 
gave the following data: 
In malt extract: Cells are oval or ovoid, (4—7,7) x (5,7—10) uw. A sediment 
and a thin ring are formed. 
On malt agar: Cells are ovoid, (2,5—6,5) x (3,5—10) uw, single or in pairs. 
Sporulation: Spores are round; 1—4 per ascus. 


Fermentation: Glucose + Maltose + 
Galactose — Lactose — 
Saccharose + Raffinose + 1% 


Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 


The synonyms of Sacch. oviformis will now be discussed. 

Sacch. cheresiensis belongs to the so-called “‘Jerez”’ yeasts. These yeasts are used 
in the manufacture of Jerez-wines or sherry-wines in Spain. 

PROSTOSSERDOW and AFRIKIAN (1933) named a yeast isolated from Armenian 
wines with the same properties as the yeasts isolated from Jerez-wines Sacch. 
cheresiensis var. armensiensis. 

SCHANDERL (1936) studied strains isolated by NreHaus from yeast sediments 
from Jerez. 

The “Jerez” yeasts are generally characterized by their strong pellicle formation. 
SCHANDERL, however, observed a great difference between the pellicle formation 
of the “Jerez” yeasts and that of the “Kahm” yeasts. The “Jerez”? yeasts form a 
pellicle after days’ or weeks’ cultivation after the fermentation is finished. They 
were not different from the pellicles of several other wine yeasts. 

CASTELLI described in 1938 a yeast isolated from grape juice. He found it to be 
closely related to Sacch. oviformis, but 
observed some differences among which 


no more than 2 spores per ascus. Therefore 
he created the new variety bisporus. Ci) 2 
y Standard description of & 
Saccharomyces oviformis 


Growth in malt extract: ee es 
After 3 days at 25° ©. cells are BD C) Ge 
round to oval, (3,5—7,5) x (5—10) 7 
u, single or in pairs (Fig. 53). A Fie. 53 — Sacch. oviformis 
sediment is formed. After 3 days in malt extract 


After one month at 17° C. a sediment, a ring and occasionally a pellicle 
composed of islets are present. 
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Growth on malt agar: After 3 days at 25° C. cells are oval, 
(2,5—6,5) x (4—9) yw, single or in pairs. 

After one month at 17° C. the streak culture is yellowish-brown, soft, 
smooth and somewhat raised in the middle or partly or entirely wrinkled. 

Slide cultures: In some strains a primitive pseudomycelium 
of a tree-like formation is formed. The composing cells may be elongate 
or of equal oval size. 

Sporulation'): The spores are round; 1—4 per ascus. 


Fermentation: Glucose + Maltose + 
Galactose — Lactose — 
Saccharose + Raffinose + ¥, 
Sugar assimilation: Glucose + Maltose + 
Galactose — Lactose — 


Saccharose -- 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Absent. 


6 Discussion 


The results of our investigation are in good agreement with the original 
description but for the fermentation of galactose. SrrLLInc—DEKKER, 
however, found, like we did, that galactose is not fermented by the 
authentic strain. 

The strain of Sacch. cheresiensis was an authentic strain isolated by 
Nrenavus. It appeared to be identical with Sacch. oviformis. SCHANDERL 
also came to the conclusion that it is not necessary or justified to maintain 
Sacch. cheresiensis as a separate species based on the pellicle formation. 

The authentic strain of Sacch. oviformis var. bisporus sent by CASTELLI 
could be identified with the species. 

Sacch. oviformis approximates Sacch. bayanus and Sacch. fermentati 
closely in physiological properties. There is, however, a pronounced 
difference in the shape of the cells, which we consider important enough 
to maintain the three species separately. 


e Origin of the strains studied 


5 strains were studied. 
One had been obtained in 1923 from OsTERWALDER (Switzerland) who isolated 


it form grape juice in Champagne. 
A second strain had been isolated in Holland in 1947. 


1) Spores were observed in 4 of the 5 strains studied on GORODKOWA agar. 
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The third strain came from wine in Porto (Portugal). It was sent to the “C.B.S.” 
in 1948, 

The fourth strain was labeled Sacch. oviformis var. bisporus. It had been isolated 
from grape juice and was obtained from Casrexi (Italy) in 1938. 

The last strain, Sacch. cheresiensis, used for the manufacture of sherry, came 


from SCHANDERL (Germany) in 1938. 


OSTERWALDER’s strain has been chosen as the type strain of the species. 


23. SACCHAROMYCES MELLIS (FABIAN ET QUINET) NOV. COMB. 


a Synonyms 


Zygosaccharomyces mellis Fabian et Quinet (1928) 
Zygosaccharomyces richiert Lochhead et Heron (1929) 
Zygosaccharomyces nectarophilus Lochhead et Farrell (Lochhead 1942) 


6 Original description and historical survey 


FaBIaAN and QUINET isolated from honey a yeast which they named Zygo- 
saccharomyces mellis. They gave the following description: 

Cells often oval, infrequently spherical or elliptical, 3—6,6 « diameter, usually 
4,5—5 wm. 

In 10 % honey broth a ring is formed. 

The streak on nutrient agar is a moderate, filiform growth, raised, 
glistening, gray, smooth, verrucose. 

Sporulation is very poor; few spores are formed after isogamous conjugation 
or after parthenogenesis. Usually 2 small spores are formed in the ascus. 

Fermentation: Glucose (fructose and mannose) only is fermented. 

Identical strains were isolated by LocnyEap and HERoNn (1929), by Marvin 
et al. (1931) from fermented honey, by Fasran and Hay (1933) from fermented 
maple syrup. 


Zygosaccharomyces richteri which we consider a synonym of Sacch. mellis has 
been described.in 1929 by LocuuEap and Heron. 

Zygosaccharomyces nectarophilus, another synonym of Sacch. mellis, was described 
by Locnweap and Farrett in 1930 and 1931, but not named. In 1942 LocHHEAD 
designated it as Zygosacch. nectarophilus Lochhead et Farrell. The authors isolated 
this organism from honey, from flower nectar and from the soil. 

All three species were said to be able to develop in high sugar concentrations, 


y Standard description of Saccharomyces mellis 


Growth in malt extract: After 3 days at 25° C. cells are 
round to oval or oval to long-oval. The round to oval cells measure 
(2,6—5,2) x (3,4—6,2) uw, oval to long-oval cells measure (2,6—4,5) & 
(3,5—10,5) «. The cells often adhere to each other in small groups (Fig. 54). 
A sediment and occasionally a small ring is formed. 
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After one month at 17° C. a sediment and frequently a ring. 

Growth on malt agar: After 3 days at 25° C. cells are round, 
oval, or short-oval. Round cells measure 2,5—5,3 wu, the others (2,5—5) x 
(2,5—7) uw. The cells often adhere to each other in small groups. 

The streak culture after one 
month at 17° C. is filiform, cream- 
colored; the surface is smooth or 
occasionally slightly wrinkled. 

Slide cultures: No pseudo- 
mycelium is formed. 

Sporulation?): According 
to the literature isogamous con- 
jugation may occur or there is no 
conjugation immediately preceding 
ascus formation. 1—4 spores are 
formed, usually 2 or 3 which are 
round to oval. 





Fie. 54 — Sacch. mellis 
After 3 days in malt extract 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 
Sugar assimilation: Glucose + Maltose — 
Galactose + or — Lactose — 
Saccharose — 


Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: No growth. 

Splitting of arbutin: Absent. 

Growth on concentrated sugar medium’): Good 
growth. 


6 Discussion 


To this species strains belong which ferment glucose only, which 
assimilate glucose and often also galactose, which do not form a pseudo- 
mycelium and which grow slowly on malt agar in a filiform growth. 

“All these strains were isolated from media with high sugar concen- 


1) None of the strains studied had preserved the capability of forming spores. 

is may be due to the fact thatthe cells are haploid and can easily mutate. Besides 
the five media used in the routine tests several other media, 7. e. honey agar, honey 
gelatin, peptone glucose gettin and washed agar were tried. 

2) Cf. p. 147, note 2. 
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trations. They all belong like Sacch. rouxii to the so-called “‘osmophilic” 
yeasts. 

Besides, several strains of this species were described under names 
not synonymous with Sacch. mellis: 

Zygosaccharomyces mellis-acidi von Richter 

Zygosaccharomyces nussbaumert Lochhead et Heron 

Zygosaccharomyces perspicillatus Sacchetti 

Zygosaccharomyces ravennatis Sachetti. | 

The fact is that the original descriptions of these strains differ from 
the standard description mainly in the sugar fermentation. 

So stated Von RicuTeErR (1912) for Zygosacch. mellis-acidi that besides 
glucose saccharose was fermented and also galactose weakly. STELLING— 
DEKKER (1931) observed a very weak fermentation of saccharose and 
raffinose. She did not study the original strain. We tested SrELLiInc— 
DEKKER’s strain but found no fermentation and even no assimilation of 
saccharose. 

LocHHEAD and HERON (1929) mentioned for Zygosacch. nussbaumeri 
a fermentation of glucose, saccharose and maltose. The authentic strain, 
however, neither ferments nor assimilates either saccharose or maltose. 

SAccHETTI (1932) found for both Zygosacch. perspicillatus and Zygo- 
sacch. ravennatis that in addition to glucose also maltose is weakly 
fermented. Neither fermentation nor assimilation of this sugar was found 
by us in the authentic strains. 

These differences which mainly concern the fermentation of maltose 
and also of saccharose were found in authentic strains. For the maltose 
this might be an indication that the capability of consuming this sugar 
has been lost during the long period that the strains were kept in our 
collection. There is, however, no proof for this assumption because the 
cultures were not studied directly after they had been received, Moreover, 
because the strains were constantly cultivated on malt agar, it seems 
very improbable that they will have lost the property to ferment maltose. 

As far as the fermentation and assimilation of saccharose are concerned, 
here also Scarr’s statement, that the production of acid from traces 
invert sugar by these yeasts induces a gradual inversion of saccharose, 
may hold true (cf. p. 151). 

As has been explained we do not accept a genus or subgenus Zygo- 
saccharomyces. This species belongs to the genus Saccharom yces and must 
be designated with the specific name of the oldest Synonym, 7.e. mellis, 
Saccharomyces mellis is a very suitable name for this yeast, since almost 
all the strains were isolated from honey. 
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é Origin of the strains studied 


8 strains were studied. 

An authentic strain of Zygosacch. mellis was received in 1933 from FABIAN 
(U.S.A.). It had been isolated from honey. 

Authentic strains of Zygosacch. richteri and of Zygosacch. nectarophilus were 
received in 1933 from LocHHEAD (Canada). The first had been isolated from 
fermenting honey, the second from normal honey. 

The strain labeled Zygosacch. mellis-acidi v. Richter was received in 1927 from 
NAGANISHI (Dairen, Manchuria). No further details are known. 

Two strains labeled Zygosacch. nussbaumeri Locchead et Heron were received 
in 1933 from LocHHEAD (Canada) and from Faspran (U.S.A.). LocHHEAD and 
HERON (1929) isolated Zygosacch. nussbaumeri from fermenting honey. FaBian and 
QUINET (1928) isolated from honey a strain which they identified with Zygosacch. 
priorianus; FABIAN and Hatz (1933) considered it identical with Zygosacch. 
nussbaumer?. 

The strains labeled Zygosacch. ravennatis and Zygosacch. perspicillatus were 
received in 1932 from Saccuetti (Italy). SaccHETTI had isolated these yeasts from 
fermenting honey. 

As has been mentioned before the sugar fermentation of the five last strains 
did not agree with that given in their original descriptions. 


The strain labeled Zygosacch. mellis received from Faptan has been 
chosen as the type strain of this species. 


24. SACCHAROMYCES ITALICUS CASTELLI 


8 Original description and historical survey 


CASTELLI (1938) isolated this species from grape must. He gave the following 
description : 

In malt extract: Cells are round, ellipsoidal or somewhat elongate, (4—6) x 
(6,5 —9,5) mu, single or in pairs. A sediment and a ring are formed. 

Sporulation: The spores are round; 1—4 per ascus. 


Fermentation: Glucose + Maltose + 
Galactose + Lactose — 
Saccharose — Raffinose — 


Assimilation of nitrate: Positive. 

Ethanol as sole source of carbon: No growth. 

DirLevsEN (1944) studied segregation in a strain of Sacch. italicus obtained from 
the “C.B.S.”. He found it to be heterozygotic for a gene concerning the form of 
the cells. There are two types of cells, viz. long and short ones. 

For the formula of the genes responsible for the fermentation of the various 
sugars as given by WinGcE (1948) and GILLILAND (1949) we refer to chapter III, 
p. 43; ef. also WINGE and Roserts (1950 b). 


y Standard description of Saccharomyces italicus 
Growth in malt extract: After 3 days at 25° C. cells are 
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oval to long-oval, (4—8) x (5—15) uw, single or in pairs (Fig. 55). A 


sediment is formed. 


After one month at 17° C. 
Growth on malt agar: ~ 
After 3 days at 25° C. 


a sediment and a ring are 
present. 

cells are oval to long-oval, 
(3—6) x (6—12) uw, single or 


in pairs. s 
After one month at 17° C. OS 


Fie. 55 — Sacch. italicus 
After 3 days in malt extract 










the streak culture is yellowish- 

brown, soft, slightly pointed. 
Slide cultures: A primitive pseudomycelium may be formed. 
Sporulation!): The spores are round; 1—4 per ascus. 


Fermentation: Glucose + Maltose + 
Galactose +- Lactose — 
Saccharose — Raffinose — xg 
or very weak . 
Sugar assimilation: Glucose + Maltose + 
Galactose -- Lactose — 


Saccharose ++ 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Absent. 


6 Discussion 


In general the results of our examination agree with CasTELLi’s 
description. . 

We found the fermentation of saccharose weakly positive, albeit very 
weakly and after a longer time of incubation. 

No assimilation of nitrate was found. 

Since an authentic strain obtained from CasTriit was studied, we do 
not doubt its identity with this species. 


e Origin of the strains studied 


1 strain was studied. 
It had been isolated from grape must, and was sent by CasTEeLu (Italy) in 1938, 


) Spores were observed in the strain studied on GORODKOWA agar, mostly 
2 per ascus. 
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25. SACCHAROMYCES FLORENTINUS (CASTELLI) NOV. COMB. 
a Synonyms 


Zygosaccharomyces florentinus Castelli (1938) 


6 Original description and historical survey 


CASTELLI isolated this yeast from sulphurized must from Pontassieve situated in 
the Florentine hills. His description (1938) runs as follows: 

In malt extract: After 24 hours at 25° C. cells are small, round or slightly 
oval, single or in little groups, 3,8—4,4 w. After 5 days cells measure (3,8—4,5) x 
(4,5 —5,8) wu. There is a sediment, and ring formation is starting. After 30 days a 
heavy sediment and a ring. 

On malt agar: After 3 days at 25° C. cells round, in little groups, 3,5—4,2 u 
or 5—8 up. 

After 75 days at 16° C. the growth is mucous, smooth, slightly lobated, white. 

Sporulation: Few asci are formed on gypsum and on silica after 12 days at 
16° C., on Goropkowa agar after one month. Heterogamous conjugation or 
parthenogenesis. 1—4 round spores are formed. They measure 2,4 yu. 


Fermentation: Glucose + Maltose + 
Galactose + Lactose — 
yt Saccharose + Raffinose + complete 


Assimilation of nitrate: Positive. 
Ethanol as sole source of carbon: No growth. 


y Standard description of Saccharomyces florentinus 


Growth in malt extract: After 3 days at 25° C. cells are 
small, almost round, single or in pairs, (3,4—5,2) x (4—7) m (Fig. 56). 
A sediment is formed. 





oo After one month at 17° Gas 

: “= Or sediment, a yellowish-white ring and 
occasionally some islets are formed. 
Growth on malt agar: 


me CQ After 3 days at 25° C. cells are almost 


a round, single or in small groups, 

ore: measuring (3—4,3) x (3,4—5,2) yu, 

ene om occasionally a few pseudomycelium 

cells, (2,2—2,4) x (8,6—10,5) yu. 
Sees = pace. f Kaela After one month at 17° C. the streak 
i ae a aula culture is cream-colored, glistening, 
almost smooth, margin slightly lobated. 

Slide cultures: On potato agar and on corn meal agar a very 

typical pseudomycelium is formed, consisting of branches of long slender 
cells with small groups of round blastospores. 
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Sporulation!): Casrexir found a few asci with 1—4 spores. 
Heterogamous conjugation may precede ascus formation, but often no 


conjugation. 


Fermentation: Glucose + Maltose + 
Galactose + Lactose — 
Saccharose + Raffinose + complete 


Sugar assimilation: Glucose + Maltose + 
Galactose -+ Lactose — 
Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Absent. 


6 Discussion 

The results of our investigation are in good agreement with the original 
description, but for the assimilation of nitrate. Since we studied an 
authentic strain we do not doubt its identity with this species. 

As we do not separate a genus or subgenus Zygosaccharomyces from the 
genus Saccharomyces this yeast should be designated as Sacch. florentinus. 


é Origin of the strains studied 

Only 1 strain was studied. 

It is the authentic strain, received in 1938 from CASTELLI (Italy) and isolated 
from sulphurized grape must. 


26. SACCHAROMYCES ACIDIFACIENS (NICKERSON) NOV. COMB. 


a Synonyms 
Zygosaccharomyces acidifaciens Nickerson (1943) 


Saccharomycodes mestris Marcilla et Feduchy (1943) 
Zygosaccharomyces mandshuricus Saito (1914) 


6 Original description and historical survey 


NICKERSON isolated this organism from a bottle of domestic wine turning sour. 


In 1943 he gave the following description: 
In young malt extract broth (Difco) the cells are ellipsoidal, (3—5) x 


(6—8) mw, average 4,3—6,8 ym. 
There is no tendency to form budding chains nor towards pseudomycelium 


formation. 
No pellicle or yeast ring are formed. 


5 ere 
) In the strain studied no spores were observed, 
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On malt agar in young cultures the cells have the same size. In old cultures 
eells are frequently elongate, but do not form chains. 

The streak culture on. malt agar is smooth, soft, brownish-white. 
; Sporulation occurs on several media, most favorably on malt agar. Usually 
lsogamous conjugation. Parthenogenesis is extremely rare and also heterogamy. 
Generally 2 spores are formed, one in each cell, occassionally 4 spores. The spores 
are spherical and smooth; average diameter 3,5 ws. 

Fermentation: Glucose (fructose and mannose) is strongly fermented; galactose, 
saccharose, maltose, lactose and raffinose are not. 

Growth with nitrate is moderate. 

Ethanol as sole source of carbon: Light to moderate growth, no film 
on the liquid. 

The organism produces 0,1 N acid in a modified Witi1am’s medium containing 
30 % glucose; 80 % of the acid was acetic acid. 

Biotin and pantothenic acid are essential for this yeast, whereas with thiamin 
an early lag in growing is overcome. 


The other synonyms of Sacch. acidifaciens will now be discussed. 

Marcinta and Frpucuy (1943) isolated from the sediment of a sample of 
vinegar a yeast which they classified in the genus Saccharomycodes. If it should 
appear to be a new species they want to propose the name Saccharomycodes mestris 
for it after Mr D. C. Mestre Arricas an agricultural engineer in Spain. Their 
description runs as follows: 

In malt extract: After 24 hours cells are elliptical, cylindrical, elongate, 
seldom hammer-shaped or sausage-shaped, (4—8) x (6,2—12) uw, on the average 
5,5 x 9 w. A ring and a sediment are early formed, but no pellicle. 

Sporulation: Good sporulation on gypsum blocks, potato, carrot or in the ring 
in liquid media. Usually 2, seldom 3 or 1 and exceptionally 4 spores per ascus. 
Spores are round, occasionally oval, 4 uw in diameter; in old cultures often larger. 
Conjugation of 2 spores in the ascus with or without a very short conjugation tube 
is normal. Often two cells conjugate and the zygote changes into an ascus. This 
cell conjugation precedes the spore conjugation. The spores germinate with a short 
germination tube. 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 
Sugar assimilation: Glucose + 
Maltose + 


Nitrates are not assimilated. 

This yeast is able to tolerate large quantities of sulphurous acid. 

The authors based the classification of this yeast in the genus Saccharomycodes 
on the way in which the spores germinate. According to us nothing in their 
description either in the photo’s or drawings justifies a classification of this yeast 
in the genus Saccharomycodes. . 

Zygosaccharomyces mandshuricus is also a synonym. This yeast was isolated from 
“ehuzou” a mixture of micro-organisms, or from malt, both used for the manufacture 


of Manchurian brandy. Sarro gave descriptions in 1914 and 1916. 
The cells are round or oval, 6,5—9,5 » diameter. No pellicle is formed. 
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The giant colony is white, round, with a smooth margin. 

Sporulation occurs on several media, Isogamous conjugation or partheno- 
genesis. 1—4 spores per ascus, diameter 4—5 mw. Asporogenous races often arise. 

Fermentation: Glucose (fructose and mannose) is strongly fermented, 
saccharose and raffinose weakly. 

Potassium nitrate is not assimilated. 

This organism was found capable of resisting 25 % solutions of glycerin or KNO3. 

STELLING—DEKKER (1931) who studied an authentic strain could not confirm 
the fermentation of saccharose and raffinose found by Sarto. 


y Standard description of Saccharomyces acidifaciens 


Growth in malt extract: After 3 days at 25° C. cells are 
oval to long-oval, single or in pairs. The size of the cells ranges from 
(3—6) x (5,5—15) mw (Fig. 57). Some strains have more slender cells 





Fic. 58 — Sacch. acidifaciens 
Fie. 57 — Sacch. acidifaciens Spores on V8 medium 
After 3 days in malt extract after 1 week 


only up to 4 w wide, and shorter cells. A sediment and often a thin ring 
are formed; the same appearance is found after cultivation for one 
month at 17° C, 

Growth on malt agar: After 3 days at 25° C. cells are oval to 
long-oval, single or in pairs, (2,6—4,5) x (5,5—15) uu. Some strains have 
more slender cells up to 3,5 « wide and shorter up to 12,5 uw long. 

The streak culture after one month at 17° C. is cream-colored, dull- 
glistening, almost smooth. 

S li d e cultures: A primitive pseudomycelium may be formed 
which is not very characteristic. 

. Sporulation}!): Spores are almost round; 1—4 spores are formed 
in the ascus. An isogamous conjugation preceding ascus formation prevails, 





1 7 j j 
) The 5 strains studied were all sporogenous, 
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but heterogamous conjugation may occur, or conjugation does not 
immediately precede ascus formation (Fig. 58). 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 
Sugar assimilation: Glucose + Maltose — 
Galactose + or — Lactose — 
Saccharose — 


Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Growth or not. 
Splitting of arbutin: Absent. 


6 Discussion 


The standard description agrees fairly well with the description given 
by Nickrerson. Some divergence, however, was found, i.e. in the absence 
of assimilation of nitrate. It is not possible to explain this difference. 
We tested the assimilation of potassium nitrate both with the auxano- 
graphic method and with the method after WickERHAM in synthetic 
solutions, but always with negative results. 

Since NickERSON reported a considerable production of acid by his 
organism we tested this property in NICKERSON’s strain and in some 
other strains according to the method prescribed by NickErson. Although 
NICKERSON’s strain produced more acid than a casually chosen strain 
labeled Zygosacch. priorianus, the values were much lower than. found 
by Nickerson. The strain of Zygosacch. mandshuricus was even a better 
acid producer than Zygosacch. acidifaciens. Probably the acid production 
has decreased after cultivation for such a long time. 

From a sporulating agar culture of the authentic strain of Saccharomy- 
codes mestris many asci were isolated and brought into fresh malt extract 
to follow the germination of the spores. All these asci showed previous 
conjugation. Asci formed without previous conjugation were very rare 
in our culture. The asci contained 2—4 spores. In none of these asci 
conjugation of spores was observed. The spores germinated singly in a 
normal way. We may thus conclude that the Spanish authors have 
misinterpreted their observations. In every respect this strain is identical 
with Sacch. acidifaciens. 

The standard description is in good agreement with the description of 
Zygosacch. mandshuricus as emended by STeLLING—DEKKER (1931). Since 
neither a genus nor a subgenus Zygosaccharomyces is accepted by us the 
species belongs to Saccharomyces. Although Zygosacch. mandshuricus 
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(1914) is much older than Zygosacch. acidifaciens (1943), mandshuricus 
could not be used as the specific name because Sarro (1914) described a 
quite different organism as Saccharomyces mandshuricus. Consequently 
the name of the species here discussed is Saccharomyces acidifaciens. 


e Origin of the strains studied 


5 strains were studied. 

The authentic strain of Zygosacch. acidifaciens isolated from domestic red wine 
getting sour was received in 1946 from Nickerson (U.S.A.). 

An authentic strain of Saccharomycodes mestris was received in 1946 from 
MarciLia (Madrid). It was isolated from the sediment of a sample of vinegar. 

The authentic strain of Zygosacch. mandshuricus isolated from starting material 
for the manufacture of Sorghum brandy was received in 1916 from Sarro (Japan). 

The fourth strain had been isolated from an old sediment of pear cider. CAPITAIN 
(1930) described it as a Zygosaccharomyces species. This strain was received in 1932 
from GUILLIERMOND (Paris). 

The last strain was isolated in 1949 from salad cream in Holland. 


NICKERSON’s strain has been chosen as the type strain of this species. 


27. SACCHAROMYCES STEINERI NOV. SPEC. 


a Synonyms 


Saccharomyces chodati Steiner (1924) 
[nee Saccharomyces chodati Schweizer (1921)] 


6 Original description and historical survey 


STEINER (1924) isolated this species from fermenting must from Riddes and 
named it Sacch. chodati, apparently not aware that this name had been given 
before by ScHweEizER (1921) to quite a different yeast species, STEINER gave the 
following description : 

Growth in malt extract: Cells are ovoid, round or oval, (5—7) x (6—8) yw. 
A ring and a‘sediment are formed. 

Sporulation: 2—4 spores per ascus. 


Fermentation: Galactose + (weak) Maltose + 
Saccharose — Lactose — 
STELLING—DEKKER (1931) gave the following data of the strain obtained from 
STEINER: 


Growth in malt extract and on malt agar: Cells are oval, (3—6) x 
(5—13) mw, single or in pairs. 
Sporulation: The spores are round; 2—4 per ascus. 


Fermentation: Glucose + Maltose + 
Galactose ++ Lactose — 
Saccharose + (slow) Raffinose — 


Assimilation of potassium nitrate: Absent. 


Ethanol as sole source of carbon: Poor growth. 
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y Standard description of Saccharomyces steineri 


Growth in malt extract: After 3 days at 25° C. cells are 
oval to long-oval, (3—8) x (5—14) yw, occasionally up to 18 yu, single or 
in pairs (Fig. 59), A sedi- 

ment is formed. 

After one month at 17° 
C. a sediment and a thin 
ring are present. 

Growth on malt 
agar: After 3 days at 
25° C. cells are oval to long- 
oval, (2,5—6) x (5—15) pn, 
some up to 18 ~ long, single 
or in pairs. 

After one month at 17°C. 
the streak culture is yellow- 
ish-white, soft, smooth and 
shining. 

Slide cultures: A primitive pseudomycelium consisting of tree- 
like formations is formed. 

Sporulation?): The spores are round; 2—4 per ascus, mostly 2. 





Fic. 59 — Sacch. steineri 
After 3 days in malt extract 


Fermentation: Glucose + Maltose + 
Galactose + Lactose — 
Saccharose + Raffinose — 
Sugar assimilation: Glucose + Maltose + 
Galactose + ; Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Absent. 


6 Discussion 


The results of our investigations are in good agreement with STELLING— 
DEKKER’s description of the same authentic strain. 

Like Sacch. heterogenicus this species has the remarkable property to 
ferment saccharose fairly well, but not raffinose. 

Since the name Sacch. chodati used by STEINER has been given before 


1) In the strain studied spores were observed on GORODKOWA agar. 


‘Sy 
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to a different yeast species, it is not valid for this species. Therefore, we 
propose the new name Sacch. steineri. 


e Origin of the strains studied 


1 strain was studied. as 
It was received from Cuopat (Switzerland) in 1928. It is the original strain 
isolated by STEINER from must from Riddes. 


28. SACCHAROMYCES FRUCTUUM NOV. SPEC. 


_y Standard description of Saccharomyces fructuum 
Growth in malt extract: After 3 days at 25° C. cells are 
oval, (3,5—7) x (6—16) yw, single or in 
pairs (Fig. 60). A sediment is formed. f, 
After one month at 17° C. a sediment = 
and a ring are present. 
Growth on malt agar: Os 
After 3 days at 25° C. cells are oval, CD) f *) 
(3,5—6,5) x (6—9) mu, single or in pairs. ok 
After one month at 17° C. the streak 
culture is cream-colored, dullish-shining, ee sae ae ea eee 
somewhat wrinkled at the edge. z 
Slide cultures: A primitive pseudomycelium is formed con- 
sisting of equal elongate cells. 
Sporulation!?): The spores are round; 1—3 per ascus. 








Fermentation: Glucose + Maltose — 
Galactose +- Lactose — 
Saccharose + Raffinose + 14 
Sugar assimilation: Glucose +- Maltose +- 
Galactose ++ Lactose — 


Saccharose ++ 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Weak growth. 
Splitting of arbutin: Absent. 


6 Discussion 


This organism cannot be identified with any other Saccharomyces 
species. In consequence we must consider it as a new one for which we 
propose the name Saccharomyces fructuum. 


1 a. “ a . * . . 
) Spores were observed in the strain studied on GoropKowa agar, the V8 
medium and potato. 
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é Origin of the strains studied 


1 strain was studied. 


It had been isolated from fermenting fruit juice at the Laboratory of Microbiology 
at Delft in 1947. 


29. SACCHAROMYCES ELEGANS NOV. SPEC, 


y Standard description of Saccharomyces elegans 


Growth in malt extract: After 3 days at 25° C. cells are 
oval to long-oval, (4—5) x (7—13) yw, single or in pairs (Fig. 61). A 
sediment is formed. 
' ) After one month at 17° C. a 
heavy white ring and a sedi- 
( ) ment are formed. 
Growth on malt agar: 
/ After 3 days at 25° C. 
cells are short-oval to oval, 
(3,5—6) x (4,5—9) uw, single 
or in pairs. A few elongate 
pseudomycelium cells may be 
present. Conjugating cells and 
asci may also be formed. 
The streak culture after one month at 17° C. is cream-colored, glistening, 
almost smooth with a very delicate structure at the margin. 
Slide cultures: A primitive pseudomycelium may be formed. 
Sporulation!): Usually an isogamous conjugation precedes ascus 
formation. The spores are rather big, round to oval; 1—4 spores per ascus. 








Fie. 61 — Sacch. elegans 
After 3 days in malt extract 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose ++ Raffinose + (very weak) 
(very slow) 
Sugar assimilation: Glucose + Maltose — 


Galactose + (weak) Lactose — 

Saccharose + (slow) 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Very weak or no 


growth. 
Splitting of arbutin: Absent. 


1) The only strain studied readily sporulated on malt agar. 
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6 Discussion 


This organism is related to Sacch. chevalieri. It differs, however, from 
the latter species in the size of the cells which is bigger in Sacch. elegans. 
This difference is still greater than follows from the above given size of 
the cells when we take into consideration that the vegetative cells of 
Sacch. elegans are predominantly haploid, those of Sacch. chevalieri 
diploid. 

A further difference is found in the fermentation of saccharose, which 
is very slow in Sacch. elegans and in the fermentation of raffinose which 
is very weak. 

On the basis of these differences the classification of the strain studied _ 
in a separate species seems justified. 

We propose the name Sacch. elegans for it. 


é Origin of the strains studied 


Only 1 strain was studied. 
It had been isolated in Holland from apple juice. It was received in 1949. 


30. SACCHAROMYCES VERONAE NOV. SPEC. 


y Standard description of Saccharomyces veronae 


Growth in malt extract: ps 

After 3 days at 25° C. cells are round, A | 
(3—6) x (3,5—6) uw, single or in pairs 

(Fig. 62). A sediment is formed. 


After one month at 17° C. a sediment | 





and a ring are present. 

Growth on malt agar: After 
3 days at 25° C. cells are round to 
short-oval, (3—5) x (4—6) uy, single 
or in pairs. 

After one month at 17° C. the streak Q 
culture is cream-colored, smooth, soft, 
shining, slightly raised. The margin 
may be fringed with pseudomycelium. 

Slide cultures: A well-de- 
veloped pseudomycelium is formed. 
Round or oval blastospores are arranged in clusters or in verticils according 
to the types ‘“Mycotorula” and ‘ ‘Mycotoruloides” (Fig. 63). 








Fic. 62 — Sacch. veronae 
After 3 days in malt extract 
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re ‘ ; : 
Sp pru lation!): Usually an isogamous conjugation precedes ascus 
formation. The spores are round, 1—4 per ascus. 





Fic. 63 — Sacch. veronae 
Slide culture, potato agar (strain No. 29) 


Fermentation: Glucose + Maltose + (weak) or — 
Galactose — Lactose — 
Saccharose + Raffinose + ¥4 
Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Absent. 


1) The two strains studied both formed spores. 
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Ethanol as sole source of carbon: No growth... 
Splitting of arbutin: Absent. “ 


6 Discussion 


This organism cannot be identified with any other Saccharomyces 
species. Therefore it has to be considered as a new species for which we 
propose the name Saccharomyces veronae in honor of Professor O. VERONA 
who isolated this interesting species. 


é Origin of the strains studied 


2 strains were studied. 
They were sent in 1951 by Verona (Italy) and isolated from grapes. They were 
labeled No. 29 and No. 33. 


The strain No. 33 has been chosen as the type strain of this species. 


g. SUMMARY 


A diagnosis of the genus Saccharomyces has been given. A division of 
the genus into subgenera was no longer accepted. The subgenus Zygosac- 
charomyces and the genus T'orulaspora were included in the genus Saccha- 
romyces because they could not be properly distinguished from this genus. 

The 314 strains studied were classified in 30 species with 3 varieties. 

Of the 24 species and 11 varieties described by STELLING—DEKKER in 
the subgenus Saccharomyces 13 species and one variety were accepted, 
viz. Sacch. cerevisiae, Sacch. cerevisiae var. ellipsoideus, Sacch. pastorianus, 
Sacch. exiguus, Sacch. logos, Sacch. bayanus, Sacch. willianus, Sacch. 
uvarum, Sacch. carlsbergensis, Sacch. fragilis, Sacch. chevalieri, Sacch. 
heterogenicus, Sacch. microellipsodes and Sacch. oviformis. 

Of the 17 species recognized by Sretimnc—-DEKKER in the subgenus 
Zygosaccharomyces 5 were accepted, viz. Sacch. marxianus, Sacch. bisporus, 
Sacch. bailii, Sacch. lactis, Sacch. pastort. Further Zygosacch. mongolicus 
was brought as the variety mongolicus to Sacch. delbrueckii. 

The 3 species described by her in the genus Torulaspora were accepted 
as Saccharomyces species, viz. Sacch. delbrueckii, Sacch. rosei and Sacch. 
fermentati. 

Further were accepted the species Sacch. rouxii, Sacch. italicus, Sacch. 
florentinus, Sacch. mellis, Sacch. acidifaciens; all were described before, 
the latter three as Zygosaccharomyces species. 


Zygosacch. polymorphus was brought as the variety polymorphus to 
Sacch. rouxit. 
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Sacch. chodati Steiner was renamed Sacch. steineri because it was a later 
homonym of Sacch. chodati Schweizer. 


Three new species were described, viz. Sacch. fructuum, Sacch. elegans 
and Sacch. veronae. 


For identifications with other species we refer to the lists of synonyms 
given for the various species. 

A key to the species has been given. 

Sacch. cerevisiae is the type species of the genus. 
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Genus 3. PICHIA Hansen 


a. DIAGNOSIS OF THE GENUS 


Cells of various shape, oval to long-cylindrical. Vegetative reproduction 
by multilateral budding. Pseudomycelium formation. 

Heterogamous conjugation may or may not immediately precede ascus 
formation. The spores are hemispherical, hat-shaped, angular or round, 
usually with an oildrop inside. One to four spores in the ascus. 

In liquid media a dry dull pellicle is formed. 

Metabolism preferentially oxidative. However, fermentation may also 
occur 1), Nitrate not assimilated. Splitting of arbutin generally absent or 
only weak. 


b. THE TYPE SPECIES OF THE GENUS 


Pichia membranaefaciens Hansen has been designated by KL6cCKER 
(1912) to be the type species of the genus. 


c. HISTORICAL SURVEY OF THE GENERIC NAME 


The genus Pichia was created by HANSEN in 1904. He separated from 
Saccharomyces the species which rapidly form a pellicle on liquid media. 
These pellicle-forming yeasts were classified in two genera, viz. Pichia 
and Willia. 

Pichia was characterized by hemispherical or irregular and angular 
spores, lack of fermentation and abundant mycelium formation. Willia 
had hat-shaped or lemon-shaped spores with a ledge. Most species produced 
ester abundantly, a few caused no fermentation. 

KL6cKER, who in 1912 described four new Pichia species, widened the 
definition of the genus by adding the occurrence of round spores and 
weak fermentation. The latter phenomenon was caused by the formation 
of a slight amount of ethanol from glucose by Pichia membranaefaciens 
which KiL6cKkER detected (1911). 

In 1924 he subdivided the genus Pichia in the subgenera Pichia and 
Zygopichia. 


In Pichia the asci are always formed without preceding conjugation. 


it en : ' ~ ; 
) Especially aerobically grown cells may under suitable conditions give rise 
to a slow and only gradually increasing fermentation. 
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In Zygopichia the asci are formed both parthenogenetically and after 
conjugation. 

STELLING—DEKKER’s diagnosis of the genus Pichia in 1931 runs as 
follows: 

Cells of various shape, tendency to pseudomycelium formation. 
Vegetative reproduction by multilateral budding. In sugar containing 
liquid media, and mostly in a medium with ethanol as sole source of 
carbon, the cells rapidly form a wrinkled pellicle which is dry and dull. 
Spores hemispherical, hat-shaped or irregular and angular. The asci are 
formed after preceding conjugation or parthenogenetically. Fermentation 
none or weak. Assimilation of nitrate absent. Splitting of esculin absent 
or very weak. 

STELLING-DEKKER maintained KuécKeErR’s subgenera Pichia and 
Zygopichia. 

ZIMMERMANN (1938) pointed to the close relationship both in morpho- 
logical and physiological properties between the genera Pichia and 
Mycoderma. The sporulation is the distinguishing characteristic. 

BauTatu (1939) claimed to have observed spores in several Mycoderma 
strains. He proposed to place Mycoderma, Pichia and Hansenula as 
subgenera under the genus Mycoderma. 

Mrak, Parr, VAUGHN and HANnsEN (1942) examined the properties 
which distinguish Pichia from Hansenula and came to the conclusion that 
the only point of difference left is the utilization of nitrate, which seemed 
not important enough to differentiate two genera. They considered the 
formation of one genus with Pichia and Hansenula as subgenera. 

NICKERSON (1944) rejected BALTATU’s proposition to place sporogenous 
and asporogenous yeasts in one genus. He, too, entertained the idea of 
merging the genera Pichia and Hansenula into one genus. 

We have as yet maintained both genera. We can subscribe to the 
opinion of Mrak et al. that nitrate assimilation alone is not satisfactory 
as a means for generic differentiation. It seems to us that in the group 
of yeasts under consideration there is an unmistakable correlation between 
this property and various other characteristics, viz. the sugar assimilation 
and fermentation and the splitting of arbutin, which distinguish a typical 
Pichia from a typical Hansenula. The transition forms should not interfere 
with a differentiation which offers undeniable advantages. 

We have rejected the subgenera Pichia and Zygopichia on the same 
arguments we used for the rejection of the subgenera Saccharomyces and 


Zygosaccharomyces (cf. p. 59). 


Pichia membranaefaciens 
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d. SURVEY OF THE SPECIES ACCEPTED IN THE GENUS 
The genus Pichia includes four species which follow in chronological 


sequence: 
1. Pichia membranaefaciens Hansen’ 1888 
2. Plehia farinosa (Lindner) Hansen 1894 
3. Pichia polymorpha Klécker 1912 
4. Pichia fermentans Lodder 1932. 


e. KEY TO THE SPECIES OF THE GENUS PICHIA 


la No sugar fermentation or a slow, only gradually increasing 


fermentation (2) 
b Glucose rapidly fermented 
Pr rerwentans . a6. 2.1. ee ee 
2a Only glucose assimilated 
P. membranacfaciens ... . . . sen. « = » Do 205 
b Glucose and galactose assimilated . 
P. farinosa . Pea ee a p. 239 
ce Glucose, galactose, saccharose, maltose and_ lactose 
assimilated 
Pe DOWYMOL DNS iy in so a ee L 


f. SYSTEMATIC DISCUSSION OF THE VARIOUS SPECIES 
1, PICHIA MEMBRANAEFACIENS HANSEN 


a Synonyms 


Saccharomyces membranaefaciens Hansen (1888) 
Saccharomyces anomalus Hansen var. belgicus Lindner (1895) 
Willia belgica Lindner (1905) 
Hansenula belgica (Lindner) H. et P. Sydow (1919) 
Endomyces belgica (Lindner) Zender (1925) 
Pichia belgica (Lindner) Dekker (Stelling—Dekker 1931) 
Saccharomyces mycoderma punctisporus Mélard (1910) 
Pichia punctispora (Mélard) Dekker (Stelling—Dekker 1931) 
Pichia alcoholophila Klécker (1912) 
Pichia calliphorae Klécker (1912) 
Pichia membranaefaciens Hansen var. calliphorae (Klécker) Dekker 
(Stelling—Dekker 1931) 
Pichia mandshurica Saito (1914) 
Zygosaccharomyces chevalieri Guilliermond (1914) 
Zygopichia chevalieri (Guilliermond) Klécker (1924) 
Zygosaccharomyces bisporus Anderson (1917) 
[nec Zygosaccharomyces bisporus Naganishi (1917)] 
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Zygopichia chevalieri (Guilliermond) Klécker var. andersonii Nickerson (1944) 

Endomyces chodati Zender (1925) 

Willia chodati (Zender) Guilliermond (1928) 

Pichia chodati (Zender) Dekker (Stelling—Dekker 1931) 

Endomyces trumpyi Zender et Bevan (Zender 1925) 

Pichia chodati (Zender) Dekker var. trwmpyi (Zender et Bevan) Dekker 
(Stelling—Dekker 1931) 

Pichia neerlandica Lodder (1932) 

Pichia alcoholophila Klécker var. naganishii Lodder (1932) 

Pichia derossii Castelli (1935) 

Zygopichia chiantigiana Castelli (1938) 

Pichia membranaefaciens Hansen var. acidificans Scrivani (1939) 

Pichia chodati (Zender) Dekker var. fermentans Mrak, Phaff et Vaughn (1942) 


6 Original description and historical survey 


HANSEN (1888) isolated this organism from exudation of elms near Carlsberg 
(Copenhagen) and named it Saccharomyces membranaefaciens. He gave the following 
description : 

In malt extract: A grey wrinkled pellicle is rapidly formed. The cells are 
sausage-shaped and long-oval. 

Sporulation: The spores are round, often of irregular shape. Abundant 
formation in the pellicle on malt extract. 

Fermentation: Glucose — Maltose — 

Saccharose — Lactose — 

In 1904 Hansen brought this species in his new genus Pichia which was 
characterized by hemispherical or irregular and angular spores, no fermentation 
and abundant ‘“‘mycelium’’ formation. 

STELLING—DEKKER (1931) studied a strain of this species obtained from CLAUSSEN 
in 1912 and described it in the following way: 

Growth in malt extract: Cells are long-oval or sausage-shaped, (2—4) x 
(4—11) y; single or in chains. A thick wrinkled pellicle and a sediment are formed. 

Growth on malt agar: Cells are sausage-shaped and oval, (3—4) x (4—24) u; 
single or in chains. 

The streak culture is pale brown, soft, dull and net-like wrinkled. 

Sporulation: No spore formation was observed. 

Fermentation: Absent. 

Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: Growth, formation of some dull islets. 

Splitting of esculin: Absent. 


The other synonyms will now be briefly discussed. 

In 1895 LINDNER isolated an organism from Belgian beer which he named 
Saccharomyces anomalus var. belgicus. He used this strain in several experiments 
in 1900, 1905, 1906 (LINDNER und SrocKHAUSEN 1906) and 1913 (LiypNER und 


Grnovup 1913), designating it as Saccharomyces anomalus belgicus (1900) and Willia 


belgica (1995). ea : 
rites. (1925) brought the species of the genus Willia with hat-shaped spores 


into the genus Endomyces, among them Endomyces belgica. 
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STELLING-DEKKER (1931) studied a strain obtained from LINDNER in 1914. 
She found the morphological properties to be in agreement with _LINDNER’s 
description. The physiological characteristics indicated that the species did not 
belong to the genus Hansenula (Willia), but to the genus Pichia. STELLING-DEKKER 
named it Pichia belgica. , 

MétarpD (1910) described an organism named Saccharomyces mycoderma puncti- 
sporus which had been isolated in a Belgian brewery. The original description was 
not accessible to us. It is, however, recorded by GUILLIERMOND (1912) who supposed 
the strain to be a Pichia species. STELLING—DEKKER mentioned Pichia punctispora 
Mélard as a synonym. 

Ku6cker described in 1912 two Pichia species, viz. P. alcoholophila and P. 
calliphorae. STELLING—DEKKER (1931) considered the latter to be a variety of 
P. membranaefaciens. 

Pichia mandshurica was described by Sarro in 1914. Sarro remarked that it is 
distinguishable from other species by its psychrotolerance. STELLING—DEKKER (1931) 
mentioned as differences from P. membranaefaciens the lack of a pellicle in a medium 
with ethanol as sole source of carbon and the moist, shining streak culture on malt 
agar. 

Zygosaccharomyces chevalieri was described by GUILLIERMOND in 1914. The author 
observed in this species heterogamous conjugation preceding ascus formation 
besides parthenogenetical sporulation. KiéckER (1924) included it in his new 
subgenus Zygopichia. 

In 1917 the name Zygosaccharomyces bisporus was given to different species by 
two authors independently, viz. by NaGanisH1 and by ANDERSON. STELLING— 
DEKKER (1931) mentioned both authors. She studied a strain of Zygosacch. bisporus 
Naganishi obtained from Sarro in 1923, which appeared to be in good agreement 
with NaGanisHi’s description. It has been clasissified by us as Saccharomyces 
bisporus. 

Since ANDERSON’s strain was not available it has not been discussed in her book. 
NicKERSON (1944), having the opportunity to study an organism which was 
probably a subculture of this strain and which corresponded with ANDERSON’Ss 
description, found it to be closely related to Zygopichia chevalieri and made it a 
variety andersonii of this species. 

Endomyces chodati was described by ZENDER in 1925. GUILLIERMOND (1928) 
did not agree with ZENDER’s conception of the genus Hndomyces. He separated 
this species from it and included it in the genus Willia, STELLING-DEKKER (1931) 
found that it belonged to the genus Pichia. 

ZENDER and Brvan (ZENDER 1925) studied a yeast isolated from pine-apple 
which they named Endomyces trumpyi. StELLING-DEKKER (1931) pointed out the 
close relationship to P. chodati and made it a variety trumpyi of this species. 

Pichia neerlandica was described by Lopprr in 1932. It had been isolated from 
Dutch compressed yeast and from Dutch beer. LopDDER also described in 1932 
Pichia alcoholophila var. naganishii. 

CASTELLI isolated a yeast from wine must and named it Pichia derossii (1935), 
and from chianti which he named Zygopichia chiantigiana (1938). 

Pichia membranaefaciens var. acidificans was described by Scrrvant (1939). 

Pichia chodati var. fermentans was described by Mrak, PHarr and VauGHN (1942). 


This strain is said to ferment glucose, though slowly 1). We observed, in Einhorns 
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; ay Soe ; a 
after nine days’ cultivation only a small gas bubble, whereas in Van Iterson- 


Kluyver fermentometers a fraction of a ce gas was measured in 1 ce of a 2% 
glucose solution. It is quite comparable to the results found for these strains of 


P. membranaefaciens which show a very slight fermentation. 


y Standard description of Pichia membranaefaciens 


Growth in malt extract: After 3 days at 25° C. cells are 
oval, long-oval or cylindrical, (3—5) x (5—12) yp, single, in pairs or in 
short chains (Fig. 64). A thin sediment, 
a ring and a dull wrinkled pellicle are 
formed. Occasionally the pellicle is thin 
and smooth. 

After one month at 17° C. a sediment, 
a ring and a dull wrinkled or smooth 
pellicle are present. 

Growth on malt agar: After 3 
days at 25° C. cells are oval, long-oval or 
cylindrical, (2,5—4,5) x (5—14) yw, single, 
in pairs or in chains. 

After one month at 17° C. the streak 
culture is yellow-white, dull, raised or flat, 
smooth, partly or entirely wrinkled. The 
margin may be lobbed. 

Slide cultures: Pseudomycelium in a tree-like formation. The 
cells may be slightly elongate. There is often not much difference between 
blastospores and pseudomycelial cells (Fig. 65). 

Sporulation?): Asci are formed without immediately preceding 
conjugation or after heterogamous conjugation. The spores are spherical, 
hemispherical or hat-shaped, usually with an oildrop inside; 1—4 spores 
per ascus (Fig. 66). 

Fermentation: No fermentation, or occasionally a very weak 
fermentation of glucose only. 





Fic. 64 — P.membranaefaciens 
| After 3 days in malt extract 


Sugar assimilation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 


1) According to a personal communication Mrak and Puarr (1949) found for 
this strain no fermentation in Einhorns. In Durham tubes a weak fermentation 


was observed. . 
2) Of the 31 strains studied in 15 spore formation was still observed. Both the 


V8 medium and carrot appeared to be appropriate for sporulation. 
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Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: Growth or weak 
growth; in many strains a thin 
white more or less brittle pellicle 
is formed. In some strains no 
pellicle or only some islets are 
formed. 

Splitting of arbutin: 
Absent. 


Fic. 66 — P. 
membranaefaciens 
Spores on V8 
medium after 1 
week (strain P. 
mandshurica 1917) 


6 Discussion 


The species P. membranae- 
faciens includes those strains 
of the genus Pichia in which 
fermentation is almost com- 
pletely absent. 

Among these strains conformi- 
ty exists with regard to the 
assimilation of sugars and of 
nitrate, and the splitting of 





arbutin. 
STELLING—DEKKER (1931) 
classified the non-fermenting Fic. 65 — P. membranaefaciens 


1000 x 


strains in six species. The r- : 
P ‘ ad oe Slide culture, potato agar 


ties which distinguished these 
species were: the formation and the shape of the spores, the way of 
pellicle formation on malt extract, growth in ethanol medium and the 
streak culture on malt agar. 

The shape of the ascospores, viz. spherical, angular or hat-shaped, 
proved to be unsuitable for the separation of species. In several original 
descriptions both spherical and hemispherical spores were mentioned, 
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In many cases this could not be checked, since the strains appeared to 
have turned asporogenous. In other cases we also found both forms. 
The descriptions angular and irregular do not convey a sharp picture 
either. 

The pellicle on malt extract which may be thick and wrinkled or thin 
and smooth, has proved to be much dependent on external conditions 
such as the medium, and the age and amount of the inoculum. 

Growth in the ethanol medium proved to be positive or weakly positive 
in all strains. A possible differentiation in strains with and without pellicle 
formation on this medium appeared to be very difficult since many 
transitions of islets and easily dropping pellicles existed. 

The appearance of the streak culture on malt agar is considered too 
variable to be a suitable property to be used in the classification. 

Since, moreover, little or no difference appeared to exist in the shape 
and size of the cells and in the pseudomycelium formation, we feel 
justified in maintaining one species only. 

P. membranaefaciens may be regarded as the perfect stage of Candida 
mycoderma. 


e Origin of the strains studied 


31 strains were studied. 

The strain P. membranaefaciens described by STELLING-DEKKER was obtained 
from CLAUSSEN (Copenhagen) in 1912. 

The strain P. belgica was obtained from LrypNneER (Berlin) in 1914. LINDNER 
isolated this species from Belgian beer. Another strain labeled P. belgica came in 
1929 from the “A.T.C.C.”’. 

The strain labeled Saccharomyces mycoderma punctisporus was received from 
Raun (U.S.A.) in 1934. Barnes and Raun (1933) used this strain in experiments 
on the influence of mitogenetic radiation. 

Three strains of P. alcoholophila were studied. One of them is an authentic strain 
from KL6cKER’s collection, which was sent in 1935 by WINGE (Copenhagen) (WINGE 
and Hyorv 1935). KiéckEr isolated this species from soil in Denmark. A second 
strain was obtained from the ‘‘N.C.T.C.”’ (London) in 1922. It is reported to have 
been isolated by KiécKker. The third strain came from Crrovic (Esthonia) in 1932. 
It had been isolated from ‘kummis.” 

The strain P. membranaefaciens var. calliphorae was received from Ora (Japan) 
in 1924. The origin is unknown. KL6CKER isolated this species from the fly 
Calliphora erythrocephala. 

Of the two strains named P. mandshurica one came from Sarro (Japan) in 1916, 
the other from the ‘‘C.L.M.R.” (Dairen, Manchuria) in 1927. Sarro isolated this 
organism from raw material used in the production of Manchurian Sorghum spirits. 

The strain Zygopichia chevalieri was sent by GUILLIERMOND (France) in 1922. 
It had been isolated from Bili-wine in Occidental Africa. 


The strain described by NICKERSON as Zygopichia chevaliert var. andersoniv 


Pichia farinosa 


238 FAMILY ENDOMYCETACEAE [Cu. V, §3 


was received from WICKERHAM (U.S.A.) in 1947. ANDERSON (U.S.A.) isolated this 
species from feces. 

The strain P. chodati was obtained from CHopat (Switzerland) in 1928. ZENDER 
isolated it from bananas. 

Of the two strains of P. chodati var. trumpyi one was obtained from CHODAT in 
1928 and had been isolated by Bevan from pine-apples. 

The second came from ZIMMERMANN (Germany) and had been isolated from 
a pellicle on sour wine (ZIMMERMANN 1938). 

Two strains of P. neerlandica were isolated in the Laboratory of Microbiology 
at Delft (Holland) from compressed yeast and from beer in 1931. 

The strain P. alcoholophila var. naganishii was received from NAGANISHI (Dairen, 
Manchuria) in 1927. The origin is unknown. 

A strain of P. derossii was sent by CASTELLI (Italy) in 1934. It had been isolated 
from wine must. 

The strain Zygopichia chiantigiana was received from CasTELLI (Italy) in 1937 
and had been isolated from must in Chianti (Italy). 

The strain described by Scrivani as P. membranaefaciens var. acidificans was 
also obtained from CasTELLI in 1940. It had been isolated from a pellicle on wine. 

A strain labeled Zygopichia chevalieri var. fermentati was obtained from the 
“Inst. Brew. Tech. Coll. of Hiroshima’’ in 1935. This species had been described 
by Sarro (1932), but since this description is in Japanese, the identity of the strain 
could not be checked. It was found, however, to be non-fermenting. 

Two strains were received from Mraxk (U.S.A.) in 1946. The first was labeled 
P. chodati var. fermentans, described by Mrax, PHAFF and VAUGHN in 1942. It had 
been isolated from spoiling dates. 

The second strain was labeled P. fermentans var. rugosa, described by BEDFORD 
in 1942. Remarkable is that the properties found by us for the latter strain are in 
agreement with Brprorp’s description but for the fermentation. The strain is 
said to ferment glucose, but we found only a very slight fermentation. We, therefore, 
could not accept this strain as a variety of Pichia fermentans. The name P. fermentans 
var. rugosa should be rejected. 

A strain labeled P. farinosa var. lodderi Negroni et Fischer was received from 
NEGRONI (Buenos Aires) in 1947. A description could not be found. 

Of the remaining six strains two had been isolated from beer at Delft in 1924 
and in 1947, 

One strain was isolated from cucumber brine in 1931 at Delft. 

One strain was obtained from Saccuertt (Italy) in 1933, isolated from wine. 

One strain had been isolated from blackberry juice in Holland in 1935. 

One strain came from Tibi lumps, and was isolated at Delft in 1935. 


Only one strain is of human origin. 


The strain of P. membranaefaciens obtained from CLAUSSEN has been 
chosen as the type strain of this species. 


2. PICHIA FARINOSA (LINDNER) HANSEN 
a Synonyms 


Saccharomyces farinosus Lindner (1894) 


Pichia farinosa 


Cu. V, § 3] SUBFAMILY SACCHAROMYCETOIDEAE 239 


Zygosaccharomyces farinosus (Lindner) Papadakis (1922) 
Zygopichia farinosa (Lindner) Klécker (1924) 


6 Original description and historical survey 


LINDNER (1894) isolated this organism from so ealled ‘Jopenbier” in Danzig 
and named it Saccharomyces farinosus. He gave the following description: 

In malt extract: Cells are elongate, in chains. A white wrinkled pellicle 
develops rapidly. 

Sporulation: The spores are round. Cells showing conjugation with smaller 
cells are observed. LINDNER stressed, that the small cell originated from the bigger one. 

HANSEN (1904) classified the pellicle forming Saccharomyces species which are 
not fermenting in the genus Pichia; among them P. farinosa. 

GUILLIERMOND (1908), who made a study on conjugation in several yeast species, 
regarded the smaller cells attached to the ascus as buds not concerned with the 
formation of spores. 

PAPADAKIS (1922) studied a strain of P. farinosa isolated by Sarro from 
soybean-sauce. He recognized the heterogamous conjugation preceding spore 
formation and brought the species into the genus Zygosaccharomyces. 

KiécKER (1924) established the subgenus Zygopichia and included Zygopichia 
farinosa in it. 

STELLING—-DEKKER (1931) studied LINDNER’s strain. Since her description is 
fully covered by the standard description it is omitted here. 


y Standard description of Pichia farinosa 


Growth in malt extract: After 3 days at 25° C. cells are 
oval to cylindrical, (2—4,5) x (4—17) yw, single, in pairs or in short 
chains (Fig. 67). A ring and a thick dry 
wrinkled pellicle are formed. 

After one month at 17° C. a loose flocculent 
sediment and a thick wrinkled pellicle are 
present. 

Growth on malt agar: After 3 
days at 25° C. cells are oval to cylindrical, 
(2—4) x (4—12) yw, single, in pairs or in short 
chains. 

After one month at 17° C. the streak 
culture is nearly white, dull, raised or flat, 
delicately or more roughly wrinkled. 

Fra. 67 — P. farmova Slide cultures: Pseudomycelium in 
After 3 days in malt extract a treelike formation (Fig. 68). 


Sporulation 1); Spores may be formed after heterogamous con- 








1) The 3 strains studied were all found to be sporulating. 
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jugation. The spores are round to oval, 2—4 per ascus, usually with an 
oildrop inside (Fig. 69). 
Fermentation: 
Glucose + Maltose — 
(often weak) 
Galactose + Lactose — 
(very weak) or — 
Saccharose — 
Sugar assimilation: 
Glucose + Maltose — 
Galactose ++ Lactose — 
Saccharose — 
Assimilation of potassium 
nitrate: Absent. 
Ethanol as sole source of 
carbon: Good growth; a pellicle is formed. 
Splitting of arbutin: Only 
weakly positive. 





Fic. 69 — P. farinosa 
Spores on V8 
medium after 1 week 


6 Discussion 





The results of the examination are in good 
agreement with the original descriptions. 

Since the subgenus Zygopichia has been ; 

‘ ne ae) Fie. 68 — P. farinosa 
rejected, the name of the species is Pichia 1000 x 
farinosa again. Slide culture, potato agar 


e Origin of the strains studied 


3 strains were studied. 
One of them was obtained from LINDNER (Berlin) in 1912, who isolated it from 
“Jopenbier” at Danzig. 
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The second strain was isolated from a mixture of organisms in “katjang boengkil” 
at Baarn (Holland) in 1933. 


The third strain was obtained from the Laboratory of Technical Botany at Delft 
(Holland) in 1947. 


The strain obtained from LinpDNER has been chosen as the type strain 
of the species. 


3. PICHIA POLYMORPHA KLOCKER 


6 Original description and historical survey 


Kué6ckER (1912, 1913) isolated this organism from soil in Denmark. He gave 
the following description: 

Growth in malt extract: In young cultures the cells of the pellicle are 
elongate, often stalagmoid, up to 13 yw long. After some days at 25° C. most cells 
are round, after two months the cells of the pellicle are very small and round. 
Giant cells occur. 

A firm white smooth creeping pellicle rapidly develops. A yellowish-white ring 
and a sediment are formed. 

Sporulation: The spores are spherical. They are observed on gypsum blocks. 
Sporulation is very scarce. 

Fermentation: Glucose + Maltose + (weak) 

Saccharose + Lactose — 

STELLING—DEKKER (1931) studied a strain of this species which came from the 
“N.C.T.C.” and was said to have been isolated by Kiécker. She found two 
modifications in it, viz. a stable principal form with white wrinkled colonies and an 
unstable form with greyish-white smoother colonies. 

In malt extract: Both forms gave a pellicle, the former much wrinkled, the 
latter nearly smooth. The cells were oval or elongate, (3—4,5) x (5—15) wm. 

Sporulation was not observed. 

Fermentation agreed with Kiéckerr’s results. Galactose was found to be 
weakly fermented. 

Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: Growth, a dull brittle pellicle is formed. 

Splitting of esculin: Positive. 

STELLING-DEKKER judged the agreement with KL6cCKER’s description insufficient. 
2ound cells were not observed, neither did the pellicle formation correspond. Since 
no sporulation was observed either, the classification of the strain studied was 


omitted. 


» Standard description of Pichia polymorpha 


Growth in malt extract: After 3 days at 25° C. cells are 
oval, long-oval or cylindrical, (2,5—4,5) x (6—10) yw, the cylindrical cells 
may be up to 20 yw long, single, in pairs or in chains (Fig. 70). A sediment, 
a ring and a thin dull wrinkled pellicle are formed. The pellicle easily 
drops and may be replaced by a new thin, sometimes incomplete pellicle. 
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After one month at 17° C. a thick sediment, a ring and occasionally a 
thin smooth pellicle are present. 

Growth on malt agar: After 3 days at 25° C. cells are long- 
oval to cylindrical, (3—5) x (5,5—15) ym, occasionally up to 25 uw long, 
single, in pairs or in chains. 

After one month at 17° C. the streak culture is almost white, flat, 
partly shiny, smooth, somewhat wrinkled at the margin. 


Fic. 71 
P. polymorpha 
Spores on V8 
Fic. 70 — P. polymorpha medium after 

After 3 days in malt extract 1 week 





Slide cultures: Pseudomycelium in a tree-like formation. 
Sporulation!): Spores may be formed after heterogamous con- 
jugation. The spores are round, 1—2 per ascus, with an oildrop inside 


(Fig. 71). 
Fermentation: Glucose + (weak) Maltose + (very weak) or— 
Galactose + Lactose — 
(very weak) or — 
Saccharose + Raffinose + 1, 
(weak) (occasionally very weak) 
Sugar assimilation: Glucose + Maltose + 
Galactose ++ Lactose + 


Saccharose + 
Assimilation of potassium nitrate: Absent. 


Ethanol as sole source of carbon: Growth, a thin 
pellicle is formed. 


Splitting of arbutin: Positive. 


6 Discussion 


Of the three strains studied two are authentic strains from KLocKER’S 
collection obtained from Winar. These strains showed between them and 


1 ’ See when 5 up al : : ; 
) Spores were observed on gypsum blocks in 1 of the 8 strains studied. 
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with the third strain from the “N.C.T.C.” studied by Sretninc—DExKEr, 
great resemblance. The pellicle formation appeared to be variable, 
depending on the age of the inoculated cells and the amount of inoculum. 
Both wrinkled and smooth pellicles were observed, all rather unstable 
and easily dropping. A separation in rough and smooth colonies could 
not be made. The shape of the cells was variable. Round cells rarely 
occurred. The conjugation preceding sporulation was not mentioned by 
KLOCKER. 

Notwithstanding these differences the identity of the strains with 
P. polymorpha is not doubted. 

This species has some characteristics which are noteworthy within the 
genus Pichia, viz. the weak fermentation of more than one sugar, the 
assimilation of the five sugars tested and the splitting of arbutin. 


e Origin of the strains studied 


3 strains were studied. 

One of them was obtained from the ‘‘N.C.T.C.” (London) in 1927. It is said to 
have been isolated by KLOCKER. 

The other two strains were received from WINGE (Copenhagen) (WINGE and 
Hsorr 1935) in 1935 and originate from KiécKeEr’s collection. They were labeled 
No. 58 and No. 59. 


The strain from KLécKER’s collection numbered 59 has been chosen 
as the type strain of the species. 


4. PICHIA FERMENTANS LODDER 


a Synonyms 


Saccharomyces dombrowskii Sacchetti (1933) 
Pichia dombrowskii Sacchetti 
Pichia kluyveri Bedford (1942) 


6 Original description and historical survey 


This organism had been isolated from buttermilk at the Laboratory of Micro- 
biology at Delft. a 

LopDER recognized it as a new species and gave in 1932 the following description: 

Growth in malt extract: In young cultures the cells are long-oval or 
elongate, (2,5—5) x (6,5—10) 4, single or in short chains. A dry, dull, yellow, 
wrinkled pellicle, a ring and a sediment are formed. The pellicle easily drops and 
is not replaced. No ester formed. . 

Growth on malt agar: Yellowish, somewhat tough, shiny and wrinkled. 

Sporulation: The spores are angular or indistinctly hat-shaped. 
Fermentation: Glucose is well fermented. 


Assimilation of nitrate: Absent. 
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Ethanol as sole source of carbon: Growth, a pellicle is formed. 

Splitting of esculin: Only weakly positive. 

SACCHETTI (1933) isolated a yeast from “‘stracchino’’, a kind of Italian cheese. He 
named it Saccharomyces dombrowskii and considered it synonymous with Mycoderma 
lactis B Dombrowski (1910), though the latter species is asporogenous. 

An investigation of the original strain in the ‘“C.B.S.” in 1933 confirmed 
SAcCCHETTI’s description, but showed the close relationship with species of the genus 
Pichia. SaccHETTI agreed with the change of the name into Pichia dombrowski. 
This species differs from P. fermentans in the size of the cells and in the pellicle on 
malt extract, which is more stable in P. dombrowskit. 

Brprorpb (1942) studied an organism isolated by VAUGHN from olives in California. 
He named it Pichia kluyveri. It forms a pellicle on malt extract and ferments glucose 
only. The difference from other described Pichia species is the poor growth in a 
synthetic medium which points to the fact that vitamins are required, and the 
formation of ester. 


y Standard description of Pichia fermentans 


Growth in malt extract: After 3 days at 25° C. cells are 
oval to long-oval, (2,5—5) x (5,5—11) mu, occasionally longer, single, in 
pairs or in short chains (Fig. 72). A thin sediment, a ring and a dull, 
either thin and smooth or thick 
and wrinkled pellicle are formed. 
The pellicle may easily drop. 

After one month a sediment, 
a ring and a pellicle are present. 
The latter may have vanished 
or only be very thin and incom- 
plete. 

Growth on malt agar: 
After 3 days at 25° C. cells 
are oval, long-oval or elongate, 
(2,5—4) x (6—13) yw, single or 
in short chains. 

After one month at 17° C. 
the streak culture is yellowish- 
white, dull, slightly raised or flat, either finely punctate or wrinkled. 
The margin is lobbed. 

Slide cultures: Pseudomycelium in a tree-like formation. 

Sporulation!): According to the various descriptions the spores 
are round, angular or hat-shaped, 2—4 per ascus. 





Fig. 72 — P. fermentans 
After 3 days in malt extract 


: -t : 
) In one of the 7 strains studied ascospore formation could be observed. In this 
strain the spores are hat-shaped. 
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Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 
Sugar assimilation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Good growth; 
occasionally a brittle pellicle is formed which easily drops. 
Splitting of arbutin: Absent or only weak. 
Ester formation: Occasionally ester is formed. 


6 Discussion 


The results of our investigation are in good agreement with the original 
descriptions. 

Pichia dombrowski differs from Pichia fermentans in the way of forming 
a pellicle on malt extract. The former rapidly forms a thick wrinkled 
pellicle, the latter after a longer time a thin smooth film which may 
easily drop. 

In view of the variability of this characteristic and the many transitions 
existing, the difference is considered too slight and it was not used to 
separate the species. Therefore P. dombrowskii is identified with P. 
fermentans. 

P. kluyveri chiefly differs from P. fermentans in the way of forming a 
pellicle on a medium with ethanol as sole source of carbon. We cannot 
maintain the separation of the two species on this basis. We have not 
taken into account a difference in vitamin requirements which BEDFORD 
used to separate this species from others. 












e Origin of the strains studied 


7 strains were studied. 

The strain P. fermentans had been isolated in the Laboratory of Microbiology 
t Delft (Holland) from buttermilk and was received in the “C.B.S.” in 1929. 

The strain P. dombrowskii had been isolated by SACCHETTI (Italy) from 
‘stracchino”, a kind of Italian cheese. The “C.B.S.” obtained it in 1933 from 
SACCHETTI. 

The strain of P. kluyveri was obtained from BEDFORD (U.S.A.) in 1946. It had 
yeen isolated from olives in California. 

One strain had been isolated by Dap from a cocoa fermentation in the Gold 
Yoast. Knapp (1935) referred to it as a new Hansenula spec. on account of an 
xamination and classification in the “C.B.S.” in 1932. The weakly positive 
Lssimilation of nitrate then detected could, however, not be reproduced. 
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A strain received from ROELOFSEN (Java) in 1936 also came from fermenting cocoa. 

Another strain isolated from fermenting cocoa was obtained in 1950 from 
Rompouts (Trinidad, B.W.LI.). 

The last strain labeled P. belgica var. microspora was sent by NEGRONI (Buenos 
Aires) in 1947. No description could be found. 


The authentic strain of P. fermentans isolated at Delft has been chosen 
as the type strain of the species. 


g. SUMMARY 


The diagnosis of the genus Pichia has been given. 

The subgenera Pichia and Zygopichia have been rejected. 

The 44 strains studied were classified in four species. The four species 
were described before. 

Of the seven species and two varieties described by STELLING-DEKKER 
the species P. membranaefaciens has been maintained, now including the 
following species and varieties: P. belgica, P. alcoholophila, P. membranae- 
faciens var. calliphorae, P. mandshurica, Zygopichia chevalieri, P. chodati 
and P. chodati var. trumpyi. 

Zygopichia farinosa has been renamed P. farinosa. 

The species P. polymorpha and P. fermentans were further accepted. 

Several species which have been described after 1931 could be identified 
with the now accepted species. 

With P. membranaefaciens have been considered synonymous: P. 
neerlandica Lodder, P. alcoholophila var. naganishii Lodder, P. derossti 
Castelli, Zygopichia chiantigiana Castelli, P. membranaefaciens var. 
acidificans Scrivani and P. chodati var. fermentans Mrak, Phaff et Vaughn; 
with P. fermentans: P. dombrowskii Sacchetti and P. kluyveri Bedford. 

A key to the species has been given. 

P. membranaefaciens is the type species of the genus. 
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Genus 4. HANSENULA H. et P. Sydow 


a. DIAGNOSIS OF THE GENUS 


Cells of various shape, round, oval or elongate. Vegetative reproduction 
by multilateral budding. Pseudomycelium formation frequent. 

Isogamous or heterogamous conjugation may or may not immediately 
precede ascus formation. The spores are hat-shaped, Saturn-shaped or 
spherical. One to four spores per ascus. 

In liquid media a dull dry pellicle is usually formed, although it may 
be poorly developed or even lacking. 

As a rule vigorous fermentation. Assimilation of nitrate. Splitting of 
arbutin. Often ester produced. 


b. THE TYPE SPECIES OF THE GENUS 


Hansenula anomala (Hansen) H. et P. Sydow has been designated by 
Sypow and Sypow (1919) to be the type species of the genus. 


c. HISTORICAL SURVEY OF THE GENERIC NAME 


In 1904 Hansen established the genus Willia by the following diagnosis: 

On sugar-containing media formation of a dry and dull pellicle. The 
spores are hat-shaped or lemon-shaped, smooth-walled with one membrane 
and a very prominent ledge. Germination of spores by budding. Most 
species form esters; a few do not ferment. 

H. and P. Sypow (1919) changed the name of the genus into Hansenula, 
since Willia had been used before for a different genus. 

The genus has been redefined by GumirERMOoND (1928, 1936—’37), 
STELLING—DEKKER (1931), BEDFORD (1942) and WickERHAM (1951). 

GUILLIERMOND found that in certain forms (H. saturnus) conjugation 
might occur between ascospores or between the first budding cells. 

STELLING-DEKKER (1931) gave the following diagnosis: 

Cells of various shape, round, oval or elongate. Vegetative reproduction 
by multilateral budding. In sugar-containing media a dry and dull pellicle 
(“Kahmhaut’’) is rapidly formed. Spores are hat-shaped, oblate, globular 
or Saturn-shaped. Vigorous fermentation. Nitrate assimilation. With 
ethanol as sole source of carbon vigorous growth with formation of a 
pellicle. Splitting of esculin. 


99 A . 
In 1932 Lopper created the subgenus Zygohansenula for a yeast which 
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was different from the Hansenula species as described by STELLING— 
DEKKER in that a conjugation may precede ascus formation, in a less 
vigorous fermentation and in not forming a pellicle on a medium with 
ethanol as sole source of carbon. 

BEDFORD (1942) defined the genus Hansenula as follows: 

Cells of various shape, round, oval or elongate. Vegetative reproduction 
by multilateral budding. A well-developed or very slight pellicle formed 
on liquid media. Spores hat-shaped or Saturn-shaped. Conjugation may 
or may not immediately precede ascus formation. Vigorous fermentation. 
Nitrate and nitrite assimilated. Growth with ethanol as source of carbon. 
Esculin and salicin hydrolyzed. 

BreprorD did not accept a subdivision of the genus Hansenula into 
subgenera, in which we follow him. The same reasons which led to the 
rejection of the subgenus Zygosaccharomyces (cf. p. 59) induced us to 
abolish the subgenus Zygohansenula. 

WICKERHAM, GILL and Burton (1950) extended the limits of the 
genus Hansenula by including entirely or partially haploid species, species 
with true hyphae, species which do not form a pellicle, species without 
ester production and species without fermentative ability. They came to 
this extension after studying several new species all with hat- or Saturn- 
shaped spores and a positive nitrate assimilation. 

WICKERHAM (1951) !) made an extensive study of the genus Hansenula. 
The essential of his diagnosis is as follows: 

Yeasts which reproduce asexually exclusively by budding, form 1—4 
ascospores, and assimilate nitrate. 

He distinguished 15 species among which the 9 species accepted by us 
and 3 new species: H. capsulata, H. canadensis and H. angusta. Two of 
his species: H. jadinii and H. ciferriit were not accepted by us as separate 
species, whereas a third species, H. beckii, was classified by us in the 
genus Hndomycopsis. 


d. SURVEY OF THE SPECIES ACCEPTED IN THE GENUS 


The genus Hansenula includes nine species with one variety which 
follow in chronological sequence: 


1. Hansenula anomala (Hansen) H. et P. Sydow 1891 


Hansenula anomala (Hansen) H. et P. Sydow var. ciferrit 
(Lodder) nov. var. 


1) Since we received WicKERHAM’s publication after our manuscript had been 
finished, it was not possible to give it full consideration. 
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Hansenula saturnus (Klécker) H. et P. Sydow 1902 
Hansenula suaveolens (Klécker) Dekker 1912 
Hansenula schneggit (Weber) Dekker 1922 
Hansenula californica (Lodder) Wickerham 1932 
Hansenula subpelliculosa Bedford 1942 

Hansenula mrakii Wickerham 1948 

Hansenula silvicola Wickerham 1948 

Hansenula minuta Wickerham 1948. 


e. KEY TO THE SPECIES OF THE GENUS HANSENULA 


4a 


Spores Saturn-shaped 
Spores of different shape 


Fermentation of glucose only 
Fermentation of glucose, saccharose and raffinose 14 
fT. RATUTHUS.. OER 5 eG oh eae 3 Pee 


Assimilation of glucose only 

fe BS 07) 2) aA E oe OR ROE OE Ss Om | RG de 
Assimilation of glucose and saccharose 

LDS COIL OFNICIE sa, 48 6 a ees ee eee 


Fermentation and assimilation of glucose only 
A. andes, Oa 5. Sia ee ee 


Fermentation and assimilation of glucose and galactose; 
besides assimilation of saccharose and maltose 


HH. silyicola’. ta 7. ee ee 
Fermentation of glucose, saccharose and raffinose 14; 
maltose is not assimilated 

EY SuaveOleNs soe «a ee Ae eee De 


Fermentation of glucose, saccharose and raffinose 14; 
maltose is assimilated, but very weakly or not fermented 

Hl, subpellculosa . . . .'. . . 1... p. 266 
Fermentation of glucose, galactose, saccharose and 
maltose, but not of raffinose 

Et: SORMEQ GUE 8! es oe Pa a es 
Fermentation of glucose, galactose, saccharose, maltose 
and raffinose 14 

H. anomala. . 

H. anomala var. ciferrii 


Hansenula anomala 
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f. SYSTEMATIC DISCUSSION OF THE VARIOUS SPECIES 
_l. HANSENULA ANOMALA (HANSEN) H. ET P. SYDOW 


One variety belongs to this species: 
Hansenula anomala (Hansen) H. et P. Sydow var. ciferrii 


(Lodder) nov. var. 
a Synonyms of the species 


Saccharomyces anomalus Hansen (1891) 
Willia anomala Hansen (1904) 
Endomyces anomalus (Hansen) Zender (1925) 
Saccharomyces sphaericus v. Nageli (1879) 
Hansenula sphaerica (v. Nigeli) H. et P. Sydow (1919) 
Hansenula anomala (Hansen) H. et P. Sydow var. sphaerica (v. Nageli) Dekker 
(Stelling—Dekker 1931) 
Hansenula anomala (Hansen) H. et P. Sydow var. longa Dekker (Stelling— 
Dekker 1931) 
Hansenula anomala (Hansen) H. et P. Sydow var. robusta Dekker (Stelling— 
Dekker 1931) 
Saccharomyces acetaethylicus Beijerinck (1892) 
Monilia javanica Went et Prinsen Geerligs (1894) 
Willia javanica Groenewege (1921) 
Hansenula javanica (Groenewege) Dekker (Stelling—Dekker 1931) 
Willia odessa Weber (1922) 
Monilia productiva nom. nud. 
Willia productiva Berkhout (1923) 
Hansenula anomala (Hansen) H. et P. Sydow var. productiva (Berkhout) 
Dekker (Stelling—Dekker 1931) 
Endomyces margaritae Zender (1925) 
Willia margaritae (Zender) Guilliermond (1928) 
Hansenula panis Castelli (1933) 
Hansenula nivea Castelli (1933) 
Saccharomyces aceris-sacchari Fabian et Hall (1933) 
Hansenula anomala (Hansen) H. et P. Sydow var. heteromorpha Bedford (1942) 


aa Synonyms of the variety 
Hansenula ciferri Lodder (1932) 


(6 Original description and historical survey of the species 


HANSEN (1891) isolated this organism from brewer’s yeast from Bavaria (Germany). 
He named it Saccharomyces anomalus and gave the following description: 

In malt extract: Fermentation. The cells are oval, occasionally sausage-shaped. 
A dull greyish pellicle is formed. A strong ester smell is produced. 

Sporulation: The spores are hemispherical with a ledge, 2—3 wu; 2—4 per ascus. 

In 1904 Hansen separated this species from the genus Saccharomyces. He 
established the genus Willia and brought the species Sacch. anomalus and Sacch. 


saturnus into it. 
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Sypow and Sypow (1919) changed the name of the genus into Hansenula. 
ZENDER (1925) gathered the yeasts with hat-shaped spores in the genus Endomyces, 
among them Hndomyces anomalus. 
STELLING-DEKKER (1931) studied a strain of the species obtained from ScHNEGG 
in 1922, which had been isolated by Baucn. She described it as follows: 
Growth in malt extract: Cells are round, oval or sausage-shaped, (2,5 —4,5) x 
(4—15) uw, in small chains. A sediment and a white thin dull pellicle are formed. 


Ester produced. 
Sporulation: The spores are hat-shaped; 2—4 per ascus. 


Fermentation: Glucose + Maltose + (weak) 
Galactose + (weak) Lactose — 
Saccharose + Raffinose + 14 


Assimilation of potassium nitrate: Positive. 
Ethanol as sole source of carbon: Growth, a wrinkled pellicle is formed. 


Splitting of esculin: Positive. 


Some of the other synonyms will now be briefly discussed. 

As early as 1879 v. NAGELI isolated a yeast from grape must which formed a 
pellicle and produced an ester flavor. The cells were chiefly spherical. That is why 
v. NAGELI named this yeast Saccharomyces sphaericus. Except for these data he 
mentioned no properties. 

BEIJERINCK (1892) described a yeast as Saccharomyces acetaethylicus. In 1895 he 
extended the description. He detected a principal and a collateral form, differing 
somewhat in the shape of the cells and in the appearance of the giant colony on 
malt gelatin. 

The spores were hat-shaped; 2—4 per ascus. 


Fermentation: Glucose + Lactose — 
Saccharose + (weak) Raffinose + 
Maltose — 


Assimilation of potassium nitrate: Positive. 

BEIJERINCK recognized the identity of his species with v. NAGELI’s Sacch. 
sphaericus. He also regarded Sacch. anomalus Hansen as synonymous with Sacch. 
sphaericus. STELLING—DEKKER (1931), however, pointed out the incompleteness of 
v. NAGELI’s description and, therefore, gave priority to the more adequate diagnosis 
of HANSEN’s species Sacch. anomalus, although this had been described later. 

She studied three strains from BE1sJERINCK labeled Sacch. sphaericus and classified 
them on account of a small difference in the shape of the cells as varieties of 
H. anomala, viz.: var. sphaerica, var. longa and var. robusta. 

WEBER described in 1922 a new species Willia odessa. STELLING-DEKKER (1931) 
identified this with H. anomala var. sphaerica. 

Another species declared to be Synonymous with this variety by SreiimcG— 
DEKKER (1931) was Endomyces margaritae described by ZENDER in 1925, 

WENT and PRINSEN GEERLIGS (1894, 1895) isolated yeasts from “raji”’. They 
named one of them Monilia javanica and described it. No sporulation was observed 
by them. BrrkHour (1923) studied the strain from WrENT and detected the 
formation of hat-shaped spores. On account of this and some other differences 
between the culture and Wrnv’s and PRINSEN GEERLIG’s description she doubted 
the identity of this strain with Monilia javanica. DIpDENS and LoppeER (1939), 
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who studied the same strain, could easily explain the cause of the differences 
observed by BerKHouT, and found that the culture corresponds very well to the 
description of Monilia javanica. They identified it with H. anomala. 

In 1923 Berxuovut studied a culture named Monilia productiva by BEIJERINCK 
but not described by him. She brought it into the genus Willia as W. productiva. 
STELLING—DEKKER (1931) classified this species as H. anomala var. productiva. 

GROENEWEGE (1921) isolated an organism from rustiness in sheet-rubber and 
described it as Willia javanica without connecting it, however, with Monilia 
javanica Went et Prinsen Geerligs. SrELLING-DEKKER (1931) brought it into the 
genus Hansenula. Though she pointed out the similarity between this strain and 
H. anomala var. sphaerica, she maintained this species as a separate one. The cells 
are chiefly round to short-oval, only a few are sausage-shaped. 

Two new species were described by CasTetti in 1933, viz. H. panis and H. nivea. 
They had been isolated from leaven. 

FaBian and Hatt (1933) isolated a yeast from fermenting maple syrup. They 
named it Saccharomyces aceris-sacchari. 

They found the cells to be round, 3,5—7 mu. Glucose and saccharose were 
fermented; maltose, lactose and raffinose were not. The spores were round, 4 per 
ascus. They conjugated two by two in the ascus during germination. 

WICKERHAM and Fasran (1936) studied dissociation in rough (R) and smooth 
(S) forms in this species. The R-form gave heavy surface growth, the S-form after 
some days a smooth pellicle. 

Fasian and WICKERHAM (1937) also studied ester formation in the R- and 
S-forms of this species. Both could produce ester. 

Beprorp (1942), who made a profound and extensive study of the genus 
Hansenula, recognized in the anomala-javanica group besides the species anomala 
three varieties, viz.: var. sphaerica, var. longa and the new var. heteromorpha. He 
distinguished them on the formation of pseudomycelium and the shape of the cells. 


66 Original description and historical survey of the variety 


LoppeEr described in 1932 a yeast isolated by CrrerRi from Tonka bean fruit 
in San Domingo and named it Hansenula ciferri. The properties corresponded with 


H. anomala but for the following differences: 
Growth in malt extract: After 3 days at 25° C. a ring is formed. After one 


week a dull smooth pellicle appears. 
Ethanol as sole source of carbon: Growth, no formation of a pellicle. 


y Standard description of Hansenula anomala 

Growth in malt extract: After 3 days at 25° C. cells are 
round to oval or cylindrical, (2,5—6) x (4,5—20) y, single, in pairs or in 
chains. The smaller round to oval cells are present in all strains; the 
number of cylindrical cells, which are mostly arranged in chains forming 


a pseudomycelium and may be up to 28 yw long, is variable and in some 
strains even nought (Fig. 73). A scanty sediment and a thick dull 
wrinkled creeping pellicle are formed. In some strains the pellicle is 


somewhat thinner. 
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After one month at 17° C. a thick sediment, a ring and a more or less 
thick, wrinkled or smooth pellicle are 
present. 





Fie. 73 — H. anomala 
After 3 days in malt extract 


Growth on malt agar: After 
3 days at 25° C. cells are round to oval 
or cylindrical, (2—5,5) x (5,5—20) uy, 
occasionally longer, single, in pairs or in 
chains. The number of cylindrical cells 
is variable. 

After one month at 17° C. the streak 


Top” 0 
ap 20% a 
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Fie. 75 — H. anomala 
Spores on V8 medium Fic. 74 — H. anomala 
after 2 weeks Slide culture, potato agar 


culture is white, yellowish-white or cream-colored, dull, or partly or 
entirely shiny, flat or slightly raised, partly or entirely wrinkled. The 
margin is lobate and mostly fringed with pseudomycelium. The very 
young cultures are white and dull. 

Slide cultures: Pseudomycelium of the type “Mycotoruloides” 
is formed, sometimes very little (Fig. 74). 

Sporulation!'): The spores are hat-shaped with an oildrop 
inside; 1—4 per ascus (Fig. 75). 


1) In 21 of the 25 strains of species and variety studied spores were observed, 
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Fermentation: Glucose + Maltose + (weak) 
Galactose + (weak) Lactose — 
Saccharose -+ Raffinose + ¥4 
Sugar assimilation: Glucose ++ Maltose +- 
Galactose + (weak) Lactose — 
Saccharose -- 
Assimilation of potassium nitrate: Positive. 
Ethanol as sole source of carbon: Growth; a pellicle 
is formed. 
Splitting of arbutin: Positive. 
Ester formation: Usually strong ester formation. 


yy Supplementary description of Hansenula anomala var. ci ferrit 


Growth in malt extract: After 3 days at 25° C. a sediment 
and a ring, but no pellicle are formed. After one week the ring is very 
broad, dull and wrinkled, forming a more or less complete pellicle. 

After one month at 17° C. a loose sediment and a broad ring are present. 

Ethanol as sole source of carbon: Growth; a pellicle 
which may be incomplete is formed. 


6 Discussion 


The strains included in this species correspond in their physiological 
properties, vz.: fermentation and assimilation of sugars, utilization of 
nitrate, growth in ethanol medium and splitting of arbutin. 

In their morphological characteristics, viz. the shape and size of the 
cells, there are variations. Besides round to oval cells, long cylindrical 
cells occur, the number of which may differ. Since, however, the 
differentiation was very gradual and moreover variable, we maintain one 
species only. 

STELLING—DEKKER separated the species H. anomala with four varieties 
and H. javanica on the shape of the cells. 

BEDFORD limited the anomala-javanica group to one species with three 
varieties on the same ground. He pointed out, however, the weak side 
of this characteristic, viz. its variability. He imputed this to the changing 
composition of malt extract and looked for a medium which would 
guarantee more constant results. To this purpose he used a synthetic 
medium without the addition of growth factors. The results obtained by 
it were more consistent. In some cases they were at variance with those 
found in malt extract: in synthetic medium only round and oval cells 
were found, while in malt extract also elongate cells occurred. 
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We tried the medium indicated by BEDFoRD, enriched: with vitamins, 
and found in some strains the same tendency towards the formation of 
round and oval cells instead of elongate cells. Nothwithstanding this it 
remained very difficult if not impossible to mark border- lines. Moreover, 
many cells grown in the synthetic medium looked indigent, being small 
and attenuated with granular contents, which seems to indicate that this 
medium does not provide optimal conditions. 

We did not succeed either in finding clear-cut differences in the pseudo- 
mycelium formation between the strains. 

The species H. panis and H. nivea described by CASTELLI could be 
identified with H. anomala. The strains studied differed from CAsTELLI’s 
description in the fermentation of raffinose which was said to be negative. 
Since we obtained authentic strains and the other characteristics are in 
accordance, the identity with the species described by CASTELLI is not 
doubted. 

The strain described by Fapran and Hat (1933) as Sacch. aceris- 
saccheri could be easily identified with Hansenula anomala. There are 
some differences with the original description. We found the fermentation 
of maltose positive and hat-shaped spores. Since we obtained an authentic 
strain from one of the authors the identity is not doubted. 

The only difference between the species H. ciferri and H. anomala, 
viz. retarded formation of a pellicle on malt extract was considered too 
slight to maintain H. ciferrt as a separate species. It is regarded as a 
variety ciferri to H. anomala. 

WICKERHAM and BurTON (1948) and WICKERHAM (1951) still maintained 
H. ciferrii as a species besides H. anomala from which it differs biochemic- 
ally in the assimilation of rhamnose, which is positive in H. ciferrii, 
negative in H. anomala. 

DippEns-and LoppER (1939, 1942) regarded Hansenula anomala as 
the perfect stage of Candida pelliculosa. 


e Origin of the strains of the species 


24 strains were studied. 

The strain of H. anomala described by StELLING-DEKKER had been isolated by 
Bauc# (Rostock) and was obtained from Scuneaa (Germany) in 1922. 

A strain labeled Endomyces anomalus was received from ZENDER (Switzerland) 
in 1928. 

The strain of Monilia javanica described by WENT and PRINSEN GEERLIGS had 
been isolated from “‘raji’” in Java, 

Three strains were classified by Srettinc-DEKKER as H. anomala var. sphaerica, 
viz. a strain named Sacch. sphaericus by BEIJERINCK which had been isolated from 
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turkish currants, a strain labeled Wéllia odessa, obtained from the “Garungs- 
physiologisches Laboratorium” at Weihenstephan in 1922, and a strain isolated 
from bananas by ZENDER and described by him as Endomyces margaritae. The last 
strain came from CHopatT (Switzerland) in 1928. 

Three strains had been isolated by BEIJERINCK two of which were named Sacch. 
sphaericus. The first was classified by Sre~tniNG—-DEKKER as H. anomala var. longa, 
the second, isolated from currants, as H. anomala var. robusta. The third strain 
came from compressed yeast. BEIJERINCK named it Monilia productiva, but gave 
no description. STELLING—DEKKER classified it as H. anomala var. productiva. 

The strain described by GROENEWEGE (Java) as Willia javanica had been isolated 
from rustiness in sheet-rubber; it was obtained from the author in 1922. 

Two strains were received from CASTELLI (Italy) in 1934. They were labeled 
H. panis and H. nivea and had been isolated from leaven. 

One strain, Saccharomyces aceris-sacchari, was obtained from FABIAN (U.S.A.) 
in 1934. It had been isolated from fermenting maple syrup. 

One strain was sent by N1No (Buenos Aires) in 1933 as Monilia spec. DIDDENS 
and LoppErR (1939) recognized its identity with H. javanica. It had been isolated 
from “‘intertrigo blastomicetico’’. 

Of the remaining non-described strains one was obtained from PoLLacct (Italy) 
in 1930. It is of human origin. 

One strain was received from NEvuBERG (Berlin) in 1935; it had been isolated 
from tobacco juice. 

One strain was obtained from REDAELLI (Italy) (REDAELLI e CIFERRI 1947) mis- 
labeled Mycotorula lambica. It had been isolated from domestic bread dough. In 
the “C.B.S.” the strain has been identified with H. javanica. 

Other sources were: turkish currants, orange lemonade, sugared condensed milk, 
raisins and “‘raji’’. 

Of one strain the origin is unknown. 


Finally there is another strain which asks for a special discussion. BEDFORD 
(1942) described a yeast which he obtained from the ‘‘C.B.S8.” labeled Hansenula 
lambica (Kufferath) Dekker. The strain was sent by KuFFERATH in 1927, who did 
not describe it, but who suggested in a letter to the “‘C.B.S.” it to be a sporogenous 
strain and named it Willia lambica Kufferath. StELLING—DEKKER did not describe 
it either. It was, therefore, a ‘“‘nomen nudum”’. Nevertheless the name Hansenula 
lambica (Kuff.) Dekker was mentioned in the catalogue of the ‘“C.B.S.” in 1931. 

The results of our examination are in agreement with BErprorp’s description. 
We did not find spores either. 

BEDFORD pointed out the correspondence with CusTER’s description of Bretta- 
nomyces lambicus. ; 

A comparative study of both strains revealed that they cannot be identified. 
Br. lambicus shows the typical Brettanomyces features of growing slowly on malt 
agar and rapid dying of the cells by vigorous acid production. The strain H. lambica 
grows normally on malt agar and is still transferable after six months. We found 
that the properties of the latter strain correspond with those of H. anomala. 


Two of the 24 strains are of human origin. 
We had already chosen the strain obtained from Scunuee as the type 
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strain of this species, when we learned that WickeRHAM (1951) had 
designated the strains NRRL Y-365 (mat) and Y-366 (glistening) as such. 
Unfortunately it was impossible for us still to consider these strains here. 
The figures are made after preparations of SCHNEGG’s strain. 


ce Origin of the strains belonging to the variety 


1 strain was studied. 
It was received from CrrERRI (San Domingo) in 1929, who isolated it from Tonka 
bean fruit. 


2. HANSENULA SATURNUS (KLOCKER) H. ET P. SYDOW 


a Synonyms 


Saccharomyces saturnus Klécker (1902) 
Willia saturnus (Klécker) Hansen (1904) 
Williopsis saturnus (Klécker) Zender (1925) 


6 Original description and historical survey 


KL6cKER isolated this organism from soil from the Himalayas. He described it 
in 1902 and extended this description in 1903. The data given are the following: 

Growth in liquid medium: The cells are round or short-oval, diameter 
4—6 yu; elongate cells seldom cocur. A white pellicle is formed. Ester production. 

Sporulation: The spores have a typical shape: a somewhat flattened globe 
with a band round the middle like the planet Saturn. There is an oildrop inside; 
1—4 spores per ascus. Several times fusion of two spores was observed. 

Fermentation: Glucose + Maltose — 

Saccharose -+ Lactose — 

KL6cKER pointed out the close relationship of this species to Sacch. anomalus. 

In 1904 Hansen established the genus Willia and brought Sacch. saturnus into it 
as Willia saturnus. Sypow and Sypow (1919) changed the name of the genus into 
Hansenula. 

ZENDER (1925) created the genus Williopsis with Williopsis saturnus as one of 
the species. 

STELLING—DEKKER (1931) studied a culture obtained from the “KRAL”’ collection 
in 1922, probably KiécKer’s strain. She corroborated KLOcKER’s results and added: 

Assimilation of potassium nitrate: Positive. 

Ethanol as sole source of carbon: Growth, a wrinkled pellicle is formed. 

Splitting of esculin: Positive. 


y Standard description of Hansenula saturnus 


Growth in malt extract: After 3 days at 25° C. cells are 
round to short-oval, (8—5,5) x (4—7) mw, single, in pairs or in short 
chains (Fig. 76). A thin sediment and a thick dull wrinkled creeping 
pellicle are formed. 
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After one month at 17° C. a sediment and a thick wrinkled pellicle 
are still present. 

Growth on malt agar: After 3 days at 25° C. cells are round 
to short-oval, (3—5,5) « (4—8) uw, single, in pairs or in short chains. 


@ 


Cae 
@ 


Fic. 77 — HA. saturnus 
Fic. 76 — H. saturnus Spores on V8 medium 
After 3 days in malt extract after 1 week 





After one month at 17° C. the streak culture is yellowish-white, raised, 
dull, delicately wrinkled. The margin is crenulated. 

Slide cultures: Slight development of small trees consisting 
of similar oval cells. 

Sporulation!?): The spores are Saturn-shaped with an oildrop 
inside, 1—2 per ascus (Fig. 77). 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose + Raffinose + 1% 
Sugar assimilation: Glucose + Maltose — 
Galactose — Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Positive. 
Ethanol as sole source of carbon: Growth, a pellicle 
is formed. 
Splitting of arbutin: Positive. 
Ester production: Slight formation of ester. 


e Origin of the strain studied 


3 strains were studied. 


1) Spores were observed in the 3 strains studied on the V8 medium and on carrot. 
Isolated spores germinated and yielded several haploid generations. In these there 
was frequent conjugation resulting in a mixed haploid and diploid culture. Con- 
served. Six giant colonies on malt gelatin, obtained 


jugation of spores was never obs 
3 asci of 2 spores each, had the same appearance. 


from single spores derived from 
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One of them originated from KuiécKker’s collection and was obtained from 
WinGE (Copenhagen) (W1INGE and Hsort 1935) in 1935. 

Another strain came from the ‘‘KrAv”’ collection (Vienna) in 1922. 

The third strain was received from ZENDER (Switzerland) in 1928 labeled 
Williopsis saturnus. 


We had already chosen the strain obtained from WINGE as the type 
strain of this species, when we learned that WickERHAM (1951) had 
designated strain NRRL Y-1304 as such. Unfortunately it was impossible 
for us still to consider this strain here. The figures are made after 
preparations of WINGz’s strain. 


3. HANSENULA SUAVEOLENS (KLOCKER) DEKKER 


a Synonyms 


Pichia suaveolens Klécker (1912) 


6 Original description and historical survey 


Ku6cKerR (1912, 1913) isolated this organism from soil in Denmark. He named 
it Pichia suaveolens and gave the following description: 

Growth in malt extract: A creeping pellicle and a thick ring are formed. 
The cells of the pellicle are round to oval, 5—8 yu long, the cells of the ring are round. 
Ester produced. 

Sporulation: Ascospores are formed, mostly 2 per ascus. The spores are round, 
oceasionally somewhat flattened at one side, an oildrop inside. KLécKER reported 
that sporulation was difficult; he observed spores on gypsum blocks. 


Fermentation: Glucose + Maltose — 
Saecharose ++ Lactose — 
STELLING—DEKKER studied a strain obtained from Baucu. She gave the following 
description : 


Growth in malt extract: Cells are round to oval, 4 x 5 44; Single or in chains, 
A sediment and a wrinkled pellicle are formed. Ester produced. 

Growth on malt agar: Cells are oval, (38 —4,5) x (4,5—14) mu. 

Sporulation: No spores observed. 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose + Raffinose + 1% 


Assimilation of potassium nitrate: Positive, 

Ethanol as sole source of carbon: Growth, a wrinkled pellicle is formed. 

Splitting of esculin: Positive. 

STELLING—DEKKER acknowledged the identity of the strain studied with KL6écKER’s 
species, notwithstanding the lack of sporulation. She recognized, however, the 
characteristics of the genus Hansenula, viz.: vigorous fermentation, assimilation 


of nitrate, splitting of esculin and ester production. She brought the spe 


, cies into 
this genus. 


toi By 
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y Standard description of Hansenula suaveolens 


Growth in malt extract: After 3 days at 25° C. cells are 
round to short-oval, (2,5—5) x (3,5—8) yw, single or in pairs (Fig. 78). 
A thin sediment and a white dull, wrinkled, 
creeping pellicle are formed 4). 

After one month at 17° C. a sediment and 
a wrinkled pellicle are still present. 

Growth on malt agar: After 3 
days at 25° C. cells are short-oval to oval, 
seldom long-oval, (2,5—4,5) x (4—9) yw, single 
or in pairs, a few in short chains. 

After one month at 17°C. the streak culture 
is yellowish-white, raised, dull, delicately 
wrinkled from the centre, the margin is 





Fiac. 78 — H. suaveolens 
After 3 days in malt extract crenulated. : 
Slide cultures: Pseudomycelium in 


a tree-like formation. There is little or no difference between blastospores 

and pseudomycelium cells. The cells are somewhat elongate *). 
Sporulation*?): According to KLécKkER the ascospores are 

spherical or somewhat flattened, with an oildrop inside; mostly 2 per ascus. 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose -+- Raffinose + 1 
Sugar assimilation: Glucose + Maltose — 
Galactose — Lactose — 


Saccharose ++ 
Assimilation of potassium nitrate: Positive. 
Ethanol as sole source of carbon: Growth, a pellicle 
is formed. 
Splitting of arbutin: Positive. 
Ester formation: Very little or no ester produced. 


6 Discussion 
The results of our examination are in good agreement with the original 


descriptions. 
The close resemblance between H. suaveolens and H. saturnus is con- 


1) A smooth modification obtained from one of the strains was somewhat slower 
in the formation of a pellicle. The pellicle did not differ from that of the rough 
form. This smooth modification showed no pse sudomycelium formation. 


2) In the strains studied no ascospores were observed. 
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spicuous. The difference lies chiefly in the shape of the spores, viz. round 
or somewhat flattened in H. suaveolens and Saturn-shaped in H. saturnus. 

WicKERHAM and Burton (1948) and WickERHAM (1951) detected a 
biochemical difference between the two species in the assimilation of 
rhamnose. It is positive for H.saturnus and negative for H. suaveolens. 


e Origin of the strains studied 


2 strains were studied. 

One of them was received from WiNGE (Copenhagen) (WINGE and Hgort 1935) 
in 1935 and came from KiécKeER’s collection. 

The second strain was obtained from Bauc# (Rostock) in 1922. No further details 


are available. 


We had already chosen the strain obtained from WING E as the type 
strain of this species, when we learned that WickERHAM (1951) had 
designated strain NRRL Y-1725 as such. Unfortunately it was impossible 
for us still to consider this strain here. The figure is made after a preparation 
of WINGE’s strain. 


4. HANSENULA SCHNEGGII (WEBER) DEKKER 


a Synonyms 
Willia schneggii Weber (1922) 


6 Original description and historical survey 


WEBER published in 1922 a paper on ester producing yeasts. One of them he 
described as the new species Willia schneggii. The strain came from the collection 
of the “Garungsphysiologisches Laboratorium” at Weihenstephan. The description 
runs as follows: 

Growth in malt extract: The cells are oval to elongate, 4 x (10—14) y; 
in old saccharose cultures very long cells may occur. A much wrinkled pellicle, 
white at first, yellowish later on, and a heavy sediment are formed, Ester production. 

Sporulation: The spores are hat-shaped. They were only observed in old 
saccharose cultures. 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 


STELLING—DEKKER (1931) studied a strain of Willia schneggit obtained from 
WEBER’s laboratory at Weihenstephan in 1922. She did not observe spores in this 
strain, while the fermentation was at variance with WEBER’s observation, viz. 


Glucose + Maltose +- 
Galactose — Lactose — 
Saccharose ++ Raffinose — 


(rather weak) 
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Additional properties mentioned are: 

Assimilation of potassium nitrate: Positive. 

Ethanol as sole source of carbon: Growth, a pellicle is formed. 

Splitting of esculin: Positive. 

STELLING—DEKKER did not doubt the identity of the strain with WrEBER’s species 
and changed the name, in accordance with the correct nomenclature, into 
Hansenula schneggii. 


y Standard description of Hansenula schneggii 


Growth in malt extract: After 3 days at 25° C. cells 
are oval to long-oval, (2,5—5) x (5—10) uw, single, in pairs or in short 
chains (Fig. 79). A thin sediment and 
a white dull wrinkled pellicle are 
formed. 

After one month at 17° C. a thick 
sediment, a ring and a pellicle are 
present. 

Growth on malt agar: 
After 3 days at 25° C. cells are short- 
oval to long-oval, (3—5,5) x (5,5—12) 
#, single, in pairs or in chains. 

After one month at 17° C. the streak 
culture is yellowish-white, slightly 
raised, powdery, delicately wrinkled; the margin is fringed with pseudo- 
mycelium. 

Slide cultures: Pseudomycelium of the type “Mycotoruloides” 
is formed. 

Sporulation?): According to WrsBeER the ascospores are hat- 





Fie. 79 — H. schneggii 


After 3 days in malt extract 


shaped. 
Fermentation: Glucose + Maltose + 
Galactose + (weak) Lactose — 
Saccharose + (weak) Raffinose — 
Sugar assimilation: Glucose + Maltose ++ 


Galactose +- Lactose — 
Saccharose ++ 


Assimilation of potassium nitrate: Positive. . 
Ethanol as sole source of carbon: Growth, a pellicle 


is formed. 


1) In the strain studied no spores were observed. 
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Splitting of arbutin: Positive. 
Ester formation: Ester produced. 


e Origin of the strains studied 


1 strain was studied. 
It came from the ‘“Garungsphysiologisches Laboratorium” at Weihenstephan 


(Germany) in 1922. No further details are known. 


5. HANSENULA CALIFORNICA (LODDER) WICKERHAM 


a Synonyms 


Zygohansenula californica Lodder (1932) 


6 Original description and historical survey 


In 1932 Lopprr described an organism isolated from an enrichment culture of 
Azotobacter in California and named it Zygohansenula californica. The description 
runs as follows: 

Growth in malt extract: Cells are round to oval, (2,5—4,5) x (4,5—7) u, 
single or in pairs. A thin pellicle is formed which easily drops and is not replaced. 

Growth on malt agar: Cells are oval, (1,5—2,5) x (1,5—5) mw, single or in 
pairs. 

Sporulation: The spores are Saturn-shaped; 1 —4 per ascus. The ascus formation 
is preceded by isogamous conjugation. 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 


Assimilation of potassium nitrate: Positive. 

Ethanol as sole source of carbon: Growth, no formation of a pellicle. 

Splitting. of esculin: Positive. 

This species appeared to be closely related to the genus Hansenula, but showed 
some differences, viz.: conjugation, weak fermentation and failing of a pellicle in 
the ethanol medium. That is why LoDpDER created the new subgenus Zygohansenula 
with the only species Z. californica. 

WICKERHAM and Burton (1948) and WickERHAM (1951) designated this species 
as Hansenula california. 


y Standard description of Hansenula californica 


Growth in malt extract: After 3 days at 25° C. cells are 
short-oval, (2,5—5,5) x (4,5—6) mw, single or in pairs (Fig. 80). A thin 
sediment, a ring and occasionally a thin smooth pellicle are formed. 

After one month at 17° C. a sediment and a ring are present. 

Growth on malt agar: After 3 days at 25° C. cells are oval, 
(2—4) x (3,5—6,5) uw, single or in pairs. 
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After one month at 17° C. the streak culture is greyish-white, smooth, 
shiny and flat. 


Slide cultures: No formation of pseudomycelium. 


V® 





Fie. 81 — 
H. californica 
Fie. 80 — H. californica Spores on carrot after 
After 3 days in malt extract 4 weeks 


Sporulation?): Asci are formed without immediately preceding 
conjugation or after isogamous conjugation. The spores are Saturn- 
shaped with an oildrop inside; 1—4 per ascus (Fig. 81). 

Fermentation: Glucose + (weak) Maltose — 


Galactose — Lactose — 
Saccharose — 
Sugar assimilation: Glucose + Maltose — 
Galactose — Lactose — 


Saccharose -+ 
Assimilation of potassium nitrate: Positive. 
Ethanol as sole source of carbon: No growth or very 
weak growth. 
Splitting of arbutin: Positive. 
Ester formation: Very little or no ester produced. 


6 Discussion 


The results of our examination are in good agreement with the original 
description. The latter has been extended with the sugar assimilation. 
As has been previously mentioned we do not maintain the subgenus 


Zygohansenula. 


1) In the strain studied very few spores were observed on carrot. Isolated spores 
readily germinated. Eight giant colonies of single spores from 3 asci showed the 


same appearance on malt gelatin. 
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e Origin of the strains studied 


1 strain was studied. . 
It had been isolated in California by F. M. Muxier from an enrichment culture 
of Azotobacter. The ‘‘C.B.S.” received the strain in 1931. 


WICKERHAM (1951) who studied 15 strains has designated strain NRRL 
Y-1680 as the type strain of this species. Unfortunately it was impossible 
for us still to consider this strain here. The figures are made after 
preparations of the only strain studied by us. 


6. HANSENULA SUBPELLICULOSA BEDFORD 


6 Original description and historical survey 


BeprorpD (1942) studied 11 yeast strains isolated from concentrated sugar-egg 
mixture and from dried prunes in California. 

On account of the lack of a well-developed film on malt extract he brought them 
all into a new species named H. subpelliculosa. 

The description of this species runs as follows: 

Growth in malt extract: Cells are round to oval, (2,2—7) x (2,2—9) uw; 
oceasionally large, round cells occur, (9,5—11) x (9,5—11) mw. Film very thin or 
none, ring formed in 10 days. Sediment increases with time. 

Growth on malt agar: Streak culture smooth to slightly vesicular or verrucose, 
glistening, light buff with lobate-lobulate border. 

Pseudomycelium: Elongate cells with round or oval blastospores. 

Sporulation: The spores are hat-shaped, 1—2 and 3—4 per ascus. 


Fermentation: Glucose + Maltose + or — 
Galactose — Lactose — 
Saccharose + Raffinose + 14 
Sugar assimilation: Galactose + or — Lactose — 
Maltose + 


Assimilation of potassium nitrate: Positive, 

Ethanol as sole source of carbon: Growth. 
Splitting of esculin: Positive. 

Ester is formed in grape juice and in yeast juice with glucose, 
Growth in synthetic medium very slow and poor. 


y Standard description of Hansenula subpelliculosa 


Growth in malt extract: After 3 days at 25° C. cells are 
round to oval, (3—6) x (4,5—9) #4, Single or in pairs, a few cylindrical 
cells in chains (Fig. 82). A sediment and a very thin ring are formed. 

After 10 days besides a sediment, a ring and occasionally a thin smooth 
pellicle are present. The latter may, however, fail to appear even after 
one month. 


Growth on malt agar: After 3 days at 25° C. cells are oval, 
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(2—5) X (3,5—10) yw, single or in 


: pairs, a few cylindrical cells up to 
25 mw long in chains. 
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Fic. 82 — H. subpelliculosa Fic. 83 — AH. subpelliculosa 
After 3 days in malt extract Slide culture, potato agar 
Fermentation: Glucose + Maltose + (weak) or — 
Galactose — Lactose — 
Saccharose + Raffinose + 14 
Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose — 


(weak) or — 
Saccharose -+ 
Assimilation of potassium nitrate: Positive. 
Ethanol as sole source of carbon: Growth, occasionally 
weak; no pellicle formed. 


1) In 3 of the 4 strains studied spores were observed, 
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Splitting of arbutin: Positive. 
Ester formation: Ester produced. 


e Origin of the strains studied 


4 strains were studied. 

One strain was obtained from Mrax (U.S.A.) in 1946. It is one of the strains 
studied by BEepForD and isolated from concentrated sugar-egg mixture and dried 
prunes. 

Two other strains were received from ErcHetts (U.S.A.) in 1948. They had been 
isolated from fermenting cucumber brine (ETCHELLS and Brett 1950). 

A strain labeled Saccharomyces jadini was obtained from SarTrory (France) in 
1932. It did not correspond with the original description by A. and R. Sartory, 
Wert and MEYER (1932). We did not succeed in getting spores in this strain, but 
WICKERHAM (1951), studying the same strain, found few hat-shaped spores on 
carrot and cucumber wedges. He considered it a separate species, H. jadinii, because 
it differs from H. subpelliculosa in not assimilating erythritol and in not requiring 
vitamins for growth, two characters which we did not study. Since we found good 
agreement with H. subpelliculosa we identified the strain with this species, 


We had already chosen the strain obtained from Mrax as the type 
strain of this species when we learned that W1icKkERHAM (1951) had 
designated strain NRRL Y-1683 as such. Unfortunately it was not possible 
for us to consider this strain here. The figures are made after preparations 
of MRaxk’s strain. 


7. HANSENULA MRAKII WICKERHAM 


6 Original description and historical survey 


This organism was isolated from soil in New Guinea. WICKERHAM !) (WICKERHAM 
and Burron 1948) gave in a table some of its main properties, They are: 
Spores: Saturn-shaped with a thick ring. 


Fermentation: Glucose + Maltose — 
Galactose — Raffinose — 
Saccharose — 
Sugar assimilation: Galactose — Rhamnose + 
Sorbose — Alpha-methylglucoside — 
Raffinose — 


y Standard description of Hansenula mrakii 


Growth in malt extract: After 3 days at 25° C. cells are 
round to oval, (3,5—6) x (4,5—7) w, single or in pairs (Fig. 84). A thin 
sediment and a wrinkled creeping pellicle are formed. 





) Cf. also WickERHAM’s recent publication of 1951, 
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After one month at 17° C. a sediment and a wrinkled pellicle are present. 

Growth on malt agar: After 3 days at 25° C. cells are round 
to oval, (3,5—6) x (3,5—7,5) w, single or in pairs. 

After one month at 17° C. the streak culture is yellowish-white, raised, 
either dull and wrinkled or smooth and shining. The margin is crenulated. 





Fic. 84 — H. mrakii Fie. 85 — H. mrakii 
After 3 days in malt extract Spores on malt agar 


Slide cultures: Pseudomycelium is primitively developed and 
consists of trees of similar oval, somewhat elongate cells. It may be 
entirely failing. 

Sporulation!): The spores are Saturn-shaped with an oildrop 
inside; 1—4 per ascus (Fig. 85). 

Fermentation: Glucose + Maltose — 

Galactose — Lactose — 
Saccharose — 
Sugar assimilation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 

Assimilation of potassium nitrate: Positive. 

Ethanol as sole source of carbon: Growth; a pellicle 
is formed. 

Splitting of arbutin: Positive. 

Ester formation: Ester is produced. 


e Origin of the strains studied 


1 strain was studied. . 
It was obtained from WickERHAM (U.S.A.) in 1949 and had been isolated from 


soil in New Guinea. 


1) In the strain studied spores were abundantly formed. After germination they 
ration. Isogamous conjugation takes place between these haploid 


gave a haploid gene 
arises, in which asci may be formed. Both haploid 


cells, and a diploid generation 
and diploid cells and asci may be present. 
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8. HANSENULA SILVICOLA WICKERHAM 


6 Original description and historical survey 


This organism has been characterized by WICKERHAM') (WICKERHAM and BURTON 
1948) in a table in which its principal properties are mentioned. They are: 
Spores: Hat-shaped. 


Fermentation: Glucose + Maltose — 
7 Galactose ++ Raffinose — 
Saccharose — 
Sugar assimilation: Galactose + Rhamnose + 
Sorbose + Alpha-methylglucoside + 
Raffinose — 


y Standard description of Hansenula silvicola 


Growth in malt extract: After 3 days at 25° C. cells are 
oval, (2,5—5) x (4—6) w, single or in pairs (Fig. 86). A thin sediment 
is formed. 

After one month at 17° C. a sediment 
and a ring are present. 

Growth on malt agar: 
After 3 days at 25° C. cells are oval, 
(2—3,5) x (3,5—6) yw, single or in pairs. 
Occasionally long mycelial cells in 
chains may occur. 

After one month at 17° C. the streak 
culture is yellowish-grey to white, soft, 
smooth and shining; the border is 
fringed with pseudomycelium. Fro. ‘66° — > sleiola 

Slide cultures: A_ well-de- After 3 days in malt extract 
veloped pseudomycelium is formed on 
corn meal agar. The blastospores are oval and arranged in small, 
occasionally branched chains on the pseudomycelial cells. 

Sporulation?): Ascus formation is preceded by heterogamous 
conjugation. The spores are hat-shaped with an oildrop inside; 1—4 per 
ascus (Fig. 87). 





Fermentation: Glucose + Maltose — 
Galactose + (weak) Lactose — 
Saccharose — 


1) Cf. note 1 on page 268. 
*) In the 2 strains studied spores were observed. 
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Sugar assimilation: Glucose + Maltose ++ 


Galactose ++ Lactose — 
Be NA a Saccharose + 
Assimilation of potassium nitrate: 


Positive. 


as Ethanol as sole source of carbon: 
Weak growth. 
Fie. 87 — Sf silvicola ; q 
Spares. on carrot: after Splitting of arbutin: Positive. 
3 weeks Ester formation: No ester produced. 


e Origin of the strains studied 


2 strains were studied. 
Both were obtained from WickERHAmM (U.S.A.) in 1949, labeled NRRL Y-1678 
and Y-1679. They had been isolated from gums of wild cherry. 


Strain NRRL Y-1678 has been designated by WickERHAM (1951) as 
the type. The same strain had been chosen by us as such. 


9. HANSENULA MINUTA WICKERHAM 


6 Original description and historical survey 


WIcCKERHAM !) (WICKERHAM and BurTON 1948) mentioned in a table some of the 
main characteristics of this species. It had been isolated from fermenting mushrooms 
in Minnesota. The description runs as follows: 

Spores: Hat-shaped. 


Fermentation: Glucose + Maltose — 
Galactose — Raffinose — 
Saccharose — 
Sugar assimilation: Galactose — Rhamnose — 
Sorbose — Alpha-methylglucoside — 
Raffinose — 
O 
y Standard description of Hansenula Oo > Ounoe 
minuta 
Growth in malt extract: After CP o cp @ © 
3 days at 25° C. cells are small, round to y a O 
short-oval, (2—3,5) x (2,5—4) uw, single or gO 
in pairs (Fig. 88). A sediment and the 
beginning of a ring are formed. 
After one month at 17° C. a sediment Fie. 880—> Hi, minuta 
and a thin ring are present. After 3 days in malt extract 


1) Cf. note 1 on p. 268. 
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Growth on malt agar: After 3 days at 25° C. cells are small, 
round to short-oval, (2—3) x (2—4) w, single or in pairs. 

After one month at 17° C. the streak culture is greyish-yellow to brown, 
smooth, soft and shining. The border is flat. 

Slide cultures: No pseudomycelium is formed. 

Sporulation}?): Ascus formation is preceded by heterogamous 
conjugation. The spores are hat-shaped, 2—4 per ascus. 

Fermentation: Glucose + (weak) Maltose — 


Galactose — Lactose — 
Saccharose — 
Sugar assimilation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 


Assimilation of potassium nitrate: Positive. 
Ethanol as sole source of carbon: Very weak growth. 
Splitting of arbutin: Absent or weakly positive. 

Ester formation: Ester is not produced. 


e Origin of the strains studied 


1 strain was studied. 
It was obtained from WicKERHAM (U.S.A.) in 1949 and had been isolated from 
fermenting mushrooms in Minnesota. 


g. SUMMARY 


The diagnosis of the genus Hansenula has been given. 

The subgenera Hansenula and Zygohansenula have been rejected. 

The 40 strains studied were classified in nine species and one variety. 

Of the five species described by StTeELLING-DEKKER four were main- 
tained, wiz. H. anomala, H. saturnus, H. suaveolens and H. schneggii. 
The fifth species, H. javanica, has been identified with H. anomala. The 
same applies to the varieties of H. anomala: var. sphaerica, longa, 
robusta and productiva described by STELLING—DEKKER and var. hetero- 
morpha by BEDFORD. 

The species H. ciferri Lodder is considered to be a variety of H. anomala: 
var. ciferrit. 

Further were accepted the species Hansenula californica, H. sub- 
pelliculosa, H. mrakii, H. silvicola and H. minuta, the first having been 
described before as Zygohansenula californica. 

A key to the species has been given. 

H. anomala is the type species of the genus. 


*) In the strain studied spores were observed. 
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Genus 5. SCHWANNIOMYCES Klocker 


a. DIAGNOSIS OF THE GENUS 


Cells oval or egg-shaped. Vegetative reproduction by multilateral 
budding. No formation of pseudomycelium. 

Protuberances resembling conjugation tubes are formed, but conjugation 
which immediately precedes ascus formation does not occur. The spores 
are round, warty, with a ledge in the middle; mostly one per ascus. 

In liquid media a sediment and a ring. 

Fermentation. Nitrate is not assimilated. 


b. THE TYPE SPECIES OF THE GENUS 


Schwanniomyces occidentalis Klécker, the only species described in this 
genus, is the type species. 


c. HISTORICAL SURVEY OF THE GENERIC NAME 


In 1909 KiécKeEr established the genus Schwanniomyces. He extended 
the diagnosis in 1924. It runs as follows: 

The spores have one warty membrane with a ledge. In germinating 
one half of the spore swells and here the spore buds. Traces of conjugation 
before ascus formation are present in the protuberances of the cells; no 
actual conjugation takes place, however. 

ZENDER (1925) emended the diagnosis of the genus Schwanniomyces 
by adding that a true mycelium may be formed. In the emended genus 
he included also the species Endomyces javanensis. ZENDER’S conception 
of the genus Schwanniomyces has been accepted neither by STELLING-— 
DEKKER nor by us. 

STELLING—DEKKER’s diagnosis (1931) is covered by ours and, therefore, 
omitted here. 


d. SURVEY OF THE SPECIES ACCEPTED IN THE GENUS 


The genus Schwanniomyces includes one species : 
1. Schwanniomyces occidentalis Klicker. 


Schw. occidentalis 
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e. SYSTEMATIC DISCUSSION OF THE SPECIES 
1. SCHWANNIOMYCES OCCIDENTALIS KLOCKER 


6 Original description and historical survey 


In 1909 KiécksrR established a new genus Schwanniomyces for a yeast isolated 
from soil in St. Thomas which he named Schwanniomyces occidentalis. The des- 
cription runs as follows: 

In malt extract: The cells are ellipsoidal or round, 5—10 mw diameter; very 
seldom sausage-shaped cells occur. Ring formation. 

Sporulation: The spores have the shape of a slightly flattened globe, length 
3—4,5 u, with a ledge in the middle and a warty surface. Mostly 1 spore per ascus, 
seldom 2. In most cases the ascus has a somewhat elongate bud on one side. 

Fermentation: Glucose + Maltose — 

Saccharose + Lactose — 

In 1924 KiécKerR added to this description that before ascus formation an 
attempt at a conjugation is made, the cells forming protuberances. No conjugation 
takes place, however. 

STELLING—DEKKER (1931) studied a strain of Schw. occidentalis obtained from 
the ‘“‘KrAw’’ collection which was reported to be a strain from KiécKker. Her 
description is identical with the standard description. 


y Standard description of Schwanniomyces occidentalis 
Growth in malt extract: After 3 days at 25° C. cells are 

oval or egg-shaped, (3—7,5) x (4,5—11) yw, single or in pairs (Fig. 89). 
A sediment is formed. 





Fic. 90 — Schw. occidentalis 
Fic. 89 — Schw. occidentalis Spores on gypsum block after 
After 3 days in malt extract 4 weeks 


After one month at 17° C. a sediment and a ring are present. 
Growth on malt agar: After 3 days at 25° C. cells are oval 


or egg-shaped, (8—5,5) x (4,5—9) yw, single or in pairs. 
After one month at 17° C. the streak culture is cream-colored, flat, 


smooth and shining. 
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Slide cultures: No pseudomycelium is formed. Occasionally a 
few small trees may occur. 

Sporulation’): The spores are round or oval, warty, with a ledge, 
an oildrop inside; 1 spore per ascus, seldom 2. Before the ascus formation 
the cells form protuberances. No actual conjugation takes place (Fig. 90). 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose ++ Raffinose + 14 
Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose — 


Saccharose + 
‘Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Weakly positive. 


6 Discussion 


The results of our investigation are in good agreement with the earlier 
descriptions. 


e Origin of the strains studied 


4 strains were studied. 

One of them came from the Carlsberg Laboratory (Copenhagen) in 1924. It had 
probably been isolated by K1L6cKErR. 

A second strain was obtained from ZENDER (Switzerland) in 1928. 

One strain was sent by the ‘Institut f. Garungsgewerbe” (Berlin) in 1930. 

The fourth strain came from Prrpram (““KRrAw”’ collection, Vienna) in 1931. It 
was said to come from KL6CKER. 


The strain from the ‘“‘KrAu” collection has been chosen as the type 
strain of the species. 


f. SUMMARY 


A diagnosis of the genus Schwanniomyces has been given. 

The four strains studied were classified in the species Schwanniomyces 
occidentalis. 

This species is the type species of the genus. 
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Genus 6. DEBARYOMYCES Lodder et van Rij nom. conserv. 


a. DIAGNOSIS OF THE GENUS 


Cells round or short-oval, seldom long-oval. Vegetative reproduction 
by multilateral budding. A primitive—exceptionally a well-developed— 
pseudomycelium may be formed, often no pseudomycelium. 

The vegetative cells are usually haploid. Generally a heterogamous 
conjugation immediately precedes ascus formation: a cell conjugates with 
its own bud; besides also isogamous conjugation; it seldom occurs that 
there is no conjugation immediately preceding ascus formation. The 
spores are round, usually with an oildrop in the middle. Occasionally the 
spore wall looks warty. Usually one spore in the ascus, seldom two, 
exceptionally up to four. 

In liquid media a dull, dry, creeping pellicle may be formed, often no 
pellicle. 

No fermentation or a very weak fermentation. Nitrate is not assimilated. 


b. THE TYPE SPECIES OF THE GENUS 


In the emended genus we have chosen Debaryomyces hansenii (Zopf) 
nov. comb. to be the type species. 


c. HISTORICAL SURVEY OF THE GENERIC NAME 


The genus Debaryomyces was created in 1909 by KLOCKER who 
characterized it as follows: 

The spore has only one membrane. Its surface shows little warts. 

In 1924 Kiécxrr added that the asci arise partly parthenogenetically, 
partly after conjugation. The spores germinate by budding. 

He included only one species in this genus which he named D. globosus. 
It has besides the characteristics given for the genus the following 
properties: 

Cells are round. Spores are round with an oildrop inside. Usually 
1 spore per ascus is formed, occasionally 2. Glucose is fermented. 

Later other species were described a. o. by Konoxorina (1913), 
NAGANISHI (1917), GUILLIERMOND and Pfu (1919), GrigorAKI and 
Pésv (1921), Ora (1923, 1924), DEKKER (SrELLInNc-DEKKER 1931), 


GIoVANNOZZI (1939, 1941). 
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GUILLIERMOND (1928) gave the following diagnosis of the genus: 

Asci arise after isogamous or more often after heterogamous con- 
jugation; usually 1, rarely 2 or 3 ascospores per ascus with an oildrop 
inside. The ascospore wall has little warts which are often difficult to 
observe. Cells are generally round or rarely ovoid with an oildrop in the 
middle. They resemble very much Torula cells. 

STELLING-DEKKER (1931) defined the genus as follows: 

Cells mainly round, but also oval, usually small. Vegetative reproduction 
by multilateral budding. In malt extract a sediment and usually a ring; 
several species form a pellicle. Asci arise after iso- or heterogamous 
conjugation or parthenogenetically. Spores round, usually with an oildrop 
inside. The spore wall is warty, but this is often difficult to observe. 
Nearly always 1 spore per ascus. Usually no fermentation; a few species 
have a strong fermentative power. Nitrates are not assimilated. In media 
with ethanol as source of carbon fair growth, often a pellicle is formed. 

From the above given diagnosis it is obvious that the genus Debaryomyces 
includes a rather heterogeneous group of organisms. The only deciding 
characteristic is the wartiness of the spore wall. But according to most 
authors this very property is extremely difficult to ascertain. 

In the many sporulating cultures examined we could observe occasion- 
ally a warty aspect of the spore wall; we got, however, a strong impression 
that these are often no real warts, but that small particles present in the 
ascus adhere to the spore wall. It was very striking that in the same 
strain some of the spores might look warty, whereas others might not. 
After isolating spores from the ascus we did not see warts. It seems 
that this property—if indeed it is a property—is too precarious to be 
used as sole criterion in generic differentiation. This makes that the genus 
Debaryomyces is not clearly separated from other genera, especially from 
Saccharomyces (Zygosaccharomyces). 

However, by eliminating from the genus the few species which have 
a strong fermentative power, the remaining strains will form a much 
better definable group. We, therefore, propose to emend the genus in this 
respect and this leads to the diagnosis given under a. The eliminated 
species are included in the genus Saccharomyces. To those expelled species 
belongs, however, D. globosus as it ferments glucose and _ saccharose 
strongly. It is the first described species in the genus, considered as the 
type species. According to article 18 of the Rules of Botanical Nomen- 
clature the name of a group (here genus) must be changed if the type of 
that name is excluded. So on the authority of this article we should have 
to rename the genus. We are, however, afraid that, in doing so, we will 
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not contribute to a simplification of nomenclature problems, but instead 
will cause a source of much confusion. It is so that the majority of the 
species have been retained in the genus and that the name Debaryomyces 
in the last 40 years has become a well-known and familiar generic name in 
yeast taxonomy. We, therefore, propose to maintain this name as a 
“nomen conservandum” and we think that we may do this with some 
justice, since a new article to the Rules of Botanical Nomenclature 
—47 bis—has been proposed by American taxonomists suggesting the 
possibility of retention of a name in a sense which excludes the type, 
by conservation (Lansouw 1950). This article has been accepted at the 
Seventh International Botanical Congress at Stockholm in 1950. 

In expectation of the acceptance of the generic name Debaryomyces 
as “nomen conservandum” at the next Botanical Congress we will 
provisionally retain it for our emended genus. 


LANGERON and GUERRA (1941) found in several strains in this genus 
on slide cultures and in giant colonies a rather well-developed pseudo- 
mycelium, though of primitive structure. The pseudomycelium consisted 
of blastospores in ramified chains. 

In a few strains we have observed the same, although in the majority 
of our strains a pseudomycelium was absent or very rudimentary. 


d. SURVEY OF THE SPECIES ACCEPTED IN THE GENUS 


The genus Debaryomyces includes five species which follow in chrono- 
logical sequence: 
1. Debaryomyces hansenii (Zopf) nov. comb. 1889 
Debaryomyces kloeckeri Guill. et Péju 1919 
Debaryomyces subglobosus (Zach) nov. comb. 1934 
Debaryomyces vini Zimmermann 1938 
Debaryomyces nicotianae Giovannozzi 1939. 


ieee 


e. KEY TO THE SPECIES OF THE GENUS DEBARYOMYCES 


la Early formation of a dull, dry, creeping pellicle on malt 


extract (2) 
b No pellicle on malt extract or only after a long time of 
cultivation (3) 
2a Lactose is assimilated 
TU AseN st eS es ts Pe BR 
b Lactose is not assimilated 
D. nicotianae . p. 295 
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3a Lactose is assimilated 
D. subglobosus -. 48% VN 3 Ss SOS Pe 208 
b Lactose is not assimilated (4) 


4a <A primitive or no pseudomycelium; 1 or seldom 2 spores 


per ascus 
iD), » loeghert: be ae og pn ee ee es 
b_ A well-developed pseudomycelium; 1—4 spores per ascus 
DP, AWA 5 con se Oe Vly ite. es Ra 


f. SYSTEMATIC DISCUSSION OF THE VARIOUS SPECIES 
1. DEBARYOMYCES HANSENII (ZOPF) NOV. COMB. 


a Synonyms 


Saccharomyces hansenii Zopf (1889) 

Debaryomyces tyrocola Konokotina (1913) 

Debaryomyces tyrocola Konokotina var. hansenii (Zopf) Dekker (Stelling—Dekker 
1931) 

Debaryomyces membranaefaciens Naganishi (1917) 

Debaryomyces guilliermondii Dekker (Stelling—Dekker 1931) 

Debaryomyces guilliermondii Dekker var. nova-zeelandicus Lodder (1932) 

Debaryomyces cavensis Giovannozzi (1941) 


6 Original description and historical survey 


Zorr (1889) isolated from flour of cotton seeds a yeast which he named 
Saccharomyces hansenii. He gave the following description: 

In liquid media a delicate pellicle (‘““Kahmhiutchen”’) and a sediment are 
formed. The cells grown in liquid media or on solid media are round to ellipsoidal, 
rather small, 4—11 yw in diameter. 

Sporulation: On solid media spores are formed, which are round, 2—4 u. 
In one ascus usually 1, occasionally 2 spores, but never more. 

Fermentation: Glucose is not fermented. 

Under special conditions this yeast produces Ca oxalate. 

STELLING—DEKKER (1931) studied a strain of Sacch. hansenii received from the 
Carlsberg Laboratory at Copenhagen. She could confirm the results of Zorr. Only 
she never observed cells as long as 11 #. They were not longer than 5,5 yu. 

She completed Zopr’s description by stating that the ascus formation was 
preceded by conjugation, that the spores were warty, that nitrate was not assimilated 
and that in a medium with ethanol as source of carbon abundant growth oce 
and a thin pellicle was formed. 

STELLING—DEKKER observed a close relationship between Saccharomyces hansenii 
and Debaryomyces tyrocola. The main difference is that the cells of the former species 
are usually round to oval, whereas those of the latter are generally round. She, 
therefore, classified Sacch. hansenii as a variety of D. tyrocola. 


urred 
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The other synonyms of D. hansenii will now be briefly discussed. 

Debaryomyces tyrocola was created in 1913 by Konoxorrna for an organism 
isolated by her from Russian so-called ‘‘Dutch” cheese. She distinguished four types 
mainly differing in the size of the cells and in the aspect of the cultures. Usually 
a heterogamous, seldom an isogamous conjugation preceded ascus formation. In 
the former case the mother cell and bud conjugated. 1, occasionally 2 spores were 
formed in the larger cell. No sugar fermentation was observed, but saccharose was 
inverted. 

STELLING—DEKKER studied three strains of D. tyrocola all obtained from 
KonoxorTina. She gave the following additional data: 

The cells are usually round but also oval. The sizes are somewhat diverging. 
On malt extract a thin pellicle is formed. Only 1 round, warty spore is formed in 
the ascus. Nitrate is not assimilated. With ethanol as sole source of carbon a distinct 
growth occurs and a thin pellicle is formed. 

STELLING—DEKKER included further into this species several yeast strains (Op, 
Pp, Sb) described, but not named by César and GUILLIERMOND (1920). 

Since the description of Debaryomyces membranaefaciens by NAGANISHI (1917) 
was written in Japanese, we could not read it. From the drawings we gathered 
that this yeast forms round to slightly oval cells, single, in pairs, or in little chains, 
which measure (3,8—6,5) x (3,8—8) mw. A heterogamous conjugation precedes the 
ascus formation. The spores are round, warty, with an oildrop in the middle. 
Usually there is 1 spore in the ascus, occasionally 2 or even 3. 

Sarro who isolated a strain of D. membranaefaciens from the air and who stated 
that this strain is fully identical with that of NAGANISHI, completed the description 
in 1922 as follows: 

The cells are short- or long-oval, single or rarely in short chains, (4—5,5) xX 
(4,5—6,5) uw, giant cells 8 x 9 uw. On liquid media a dry, white, wrinkled pellicle is 
formed. Glucose, galactose and saccharose are fermented, but not maltose and 
lactose. Glucose, saccharose and maltose are assimilated, but not lactose. Potassium 
nitrate is not assimilated. 

STELLING-DEKKER (1931) who studied Sarro’s strain found mainly the same 
properties. Only she observed that the cells are nearly always arranged in little 
branched chains and that the fermentation of galactose and saccharose is weak. 
Further she observed a distinct growth and the formation of a pellicle in a medium 
with ethanol as sole source of carbon. 

LoppER (1932) stated that D. membranaefaciens ferments also glucose only weakly. 

Debaryomyces guilliermondii was created in 1931 by STELLING—DEKKER for two 
strains described, but not named by Césart and GUILLIERMOND (1920). 

The description she gave of this species is almost identical with that of D. tyrocola. 
The main difference is the character of the pellicle which is thick and wrinkled for 
D. guilliermondii, thin and smooth for D. tyrocola. 

LoppeEr (1932) described a strain as D. guilliermondii var. nova-zeelandicus. This 
strain showed slight differences with D. guilliermondii, 7.e. weak fermentation of 
some sugars, some difference in the streak culture and in the color of the pellicle 
on malt extract. 

The description of D. cavensis by Giovannozzi (1941, 1948) runs as follows: 

Cells usually round, small, 2—2,5 pw. In liquid media no pellicle or traces of a 
thin pellicle. Sporulation is difficult and scanty. Isogamous and heterogamous 
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conjugation were observed. 1 spore is formed in the ascus. The spore has an oildrop 
in the middle. Glucose and saccharose are weakly fermented. Glucose, galactose, 
saccharose and maltose are assimilated, but not lactose. Nitrates are not assimilated. 


» Standard description of Debaryomyces hansenit 

Growth in malt extract: After 3 days at 25° C. cells are 
almost round, 2,5—4,5 mw or for the larger cells 3—6 mw. Round cells 
together with oval cells are seldom found; they measure (2,5—4,5) x 
(2,5—6,5) uw. The cells are single, in pairs or in short branched chains or 
clusters. (Fig. 91). A dull and dry creeping pellicle is formed which is 
usually wrinkled, seldom smooth. 

After one month at 17° C. besides the pellicle a ring and sediment 
are formed. 

Growth on malt agar: After 3 days at 25° C. cells are usually 
round to short-oval, seldom oval, single or in pairs. The round cells 
measure 2,5—5 uw or —6,5 wu. The oval cells measure (2,2—3) x (3,4—5,2) uw. 

The streak culture after one month at 17° C. is weak, greyish-white 
with some yellow, occasionally somewhat brownish, dull in the middle, 
at the margin usually glistening, covered with little warts or slightly 
wrinkled in the middle to wrinkled all over the surface. 

Slide cultures: A pseudomycelium is seldom formed and if 
present it is primitively developed 1). 





ica 


D. hansenii 

Spores on V8 
Fie. 91 — D. hansenii medium after 

After 3 days in malt extract 3 weeks 





Sporulation?): The spores are round with an oildrop in the 


*) Only in one ease a rather well-developed pseudomycelium was observed, 

*) 14 of the 16 strains studied still produced ascospores. The V8 medium proved 
to be a very adequate medium for spore formation, for 10 strains formed spores 
on it, some of them besides on GoropKowa agar, potatoes or carrots. 20° C. 
proved to be a better temperature for spore formation than 25° C., ef. Mrak 
and Bonar (1938), 
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middle. They may look warty. An iso- or heterogamous conjugation 
generally precedes ascus formation. Very seldom asci without immediately 
preceding conjugation. Usually 1, occasionally 2 spores develop in the 
ascus (Fig. 92). 

Fermentation: A very slight fermentation of glucose and 
saccharose, occasionally also of galactose and maltose. 


Sugar assimilation: Glucose -- Maltose + 
Galactose + Lactose + 
Saccharose + (occasionally weak) 


Assimilation of potassium nitrate: Absent. 

Ethanolas sole source of carbon: Growth occurs, a thin 
pellicle is formed. 

Splitting of arbutin: Usually positive, though occasionally 
very weak. 


A slight amount of riboflavin is excreted by some strains. This is 
especially clear in the synthetic liquid media used in the assimilation tests. 


6 Discussion 


From the strains belonging to the genus Debaryomyces those which are 
characterized by the early formation of a dry, dull and creeping pellicle 
(““Kahmhaut’’) and by the assimilation of lactose besides glucose, galactose, 
saccharose and maltose, were gathered into a single species. To this 
species the specific name of the oldest synonym is given, wiz. hansenit. 

Among the strains there is some difference in the shape and size of the 
cells. Since there are many transitions from one type to the other it is 
not possible to distinguish them further on this basis. 

There is also a difference in the aspect of the pellicle, which is usually 
wrinkled, but occasionally smooth. StTeLLrNc—DEKKER accepted, on the 
basis of this difference, the species guilliermondii and tyrocola. Since, 
however, part of the strains formerly designated as D. tyrocola—those 
possessing a smooth pellicle—now form a wrinkled pellicle, this 
characteristic does not seem to be very stable. In consequence we did 
not follow STELLING—DEKKER in this respect. 

Also in the strain of D. cavensis we observed—in contrast to 
GiovaNnozzi’s statement—an early formation of a dry, dull, smooth 
pellicle. 

The difference in our fermentation results from those found by 
SrELLInc-DEKKER may be due to the fact that if no gas production was 
observed we intensified the test by letting every day an air bubble pass 
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through the medium in the Einhorn tube in order to promote an even 
distribution of the yeast. Probably we also kept our tests for a longer 
time. That may be the reason why we observed a very weak fermentation 
—the gas produced occupied no more than 1/9 of the Einhorn tube— 
whereas STELLING-DEKKER did not. 

For the strain of D. membranaefaciens the contrary was found. The 
fact is that we could confirm LoppER’s statement that the various sugars, 
including glucose were only weakly fermented. The fermentation of the 
last mentioned sugar started not till after 4 days. After 9 days only 
¥, of the Einhorn tube was filled with carbon dioxide. 

There are further some divergences between the original descriptions 
and the standard description in the assimilation of lactose. Both Sarro 
and GiovaNNozzi stated for the strains of D. membranaefaciens and 
D. cavensis that lactose is not assimilated. Indeed, in these strains and 
in a few others the assimilation of lactose is rather weak. Whereas in most 
strains the assimilation of lactose could be observed with the auxano- 
graphic method, it was negative in these strains, when tested with this 
method, but positive when the method after WicKERHAM was used. After 
two weeks there was an undeniable growth in the medium with lactose, 
which was quite evident after three weeks. 


e Origin of the strains studied 


16 strains were studied. 

A strain labeled Saccharomyces hansenii was received in 1924 from the Carlsberg 
Laboratory at Copenhagen. 

Two strains labeled Debaryomyces tyrocola were obtained in 1914 from KonoKoTINA 
(Russia). They had been isolated from Russian so called ‘‘Dutch’’ cheese. 

Five strains came in 1925 from GuILLIERMOND (Paris). They had been isolated 
by Cfsart from sausage and had been described but were not named by CésaRI 
and GUILLIERMOND. They were the strains Sb, Op, Pp, Fm and K. Srerrinc— 
DEKKER classified the first three strains as D. tyrocola, the other two strains as 
D. guilliermondii. 

The strain labeled D. guilliermondii var. nova-zeelandicus had been isolated 
from rennet in the Field Division and Plant Research Station of the Department 
of Agriculture of New Zealand. It was obtained in 1931. 

The strain labeled D. membranaefaciens was received in 1923 from Sarro (Japan). 
It had been isolated from the air at Tokyo. 

A strain labeled Cryptococcus farinae was received in 1930 from PoLLacct (Italy). 
According to DopGE (1935) the name Cr. farinae is a “nomen nudum”. The strain 
is alleged to have been isolated by Fartna from a case of blastomycosis of the 
Gilchrist type. It is said that Acostrn1 and Brunerro identified it with D, 
guilliermondii in 1934. 


A strain labeled D. cavensis was received in 1949 from GIOVANNOZzI who isolated 
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it from fermenting tobacco (Italian Maryland tobacco) cultivated in Salerno in Italy. 

A strain labeled Torula casei was received in 1939 from BERNHAUER (Prague). 
Further details are not available. Probably it was isolated from cheese. 

Two other strains were sent unnamed; they were identified in the ‘“C.B.S.”. 
One of these strains isolated from cherries was received in 1930, the other was 
isolated in Menado (Celebes) in 1933 from copra which had been subject to heating. 
Both strains had been identified with D. tyrocola. 

Finally a strain was received isolated from waste water of Dutch glue-works. 


Only one strain is of human origin. 
It is remarkable, however, that the greater part of the strains, 10 out of 16, have 
been isolated from animal products. 


The strain 


received as Saccharomyces hansenii from the Carlsberg 


Laboratory at Copenhagen has been chosen as the type strain of this 


species. 


2. 


DEBARYOMYCES KLOECKERI GUILLIERMOND ET PEJU 


a Synonyms 


Debaryomyces 
Debaryomyces 
Debaryomyces 


Debaryomyces 
? Debaryomyces 
? Debaryomyces 
? Debaryomyces 

Debaryomyces 

Debaryomyces 
? Debaryomyces 
? Debaryomyces 
? Debaryomyces 

Debaryomyces 


Debaryomyces 
Debaryomyces 


6 Original 


Psu isolated 
MOND and Prsu 


runs as follows: 

In malt extrac 
single or in small chains. After 4 to 
lls with many buds attached to them, 
cells and even forms resembling apiculate cells are observ 


round ce 


matruchoti Grigoraki et Péju (1921) 

hudeloi da Fonseca (1922) 

kloeckeri Guilliermond et Péju var. hudelot (da Fonseca) Dekker 
(Stelling—Dekker 1931) 

hildegaardi Ota (1923) 

laedegaardi Ota (1923) 

leopoldi Ota (1923) 

lundsgaardi Ota (1923) 

fabryi Ota (1924) 

gruetzii Ota (1924) 

tremoniensis Ota (1924) 

fabryi Ota var. tremoniensis (Ota) C. W. Dodge (1935) 

emphysematosus Ota (1924) 

matruchoti Grigoraki et Péju var. cesarit Dekker (Stelling—Dekker 

1931) 
kloeckeri Guilliermond et Péju var. major Lodder (1932) 
sake Saito et Ota (1932) 


description and historical survey 


from the throat of a patient with angina a yeast which GUILLIER- 
(1919, 1920) described as Debaryomyces kloeckeri. The description 


t or on malt agar after 24 hours cells are oval or ellipsoidal, 
5 days the shape of the cells is divergent: big 
oval, cylindrical, sausage-shaped 
ed; also occur branched 
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chains of cells of different type, especially in older cultures. These branched chains, 
designated by the French authors as mycelial forms, represent a primitive epee 
mycelium. They develop especially by cultivation at temperatures above 25° C. 
In malt extract first a sediment is formed, after 4 to 5 days a ring develops and 
after two months some islets. 
Sporulation: Asci are one-spored. Conjugation is heterogamous with all 
transitions to an isogamous conjugation. Frequently no conjugation is observed. 
The spores are round with an oildrop in the middle, the spore wall is warty. 
Fermentation: No fermentation occurs. Saccharose is inverted. 
STELLING—DEKKER (1931) who studied an authentic strain added the following 
to this description: 
The cells in malt extract are oval, (2—3,5) x (3—7) uw, on malt agar (2—4) x 
(3—6) yw. In older cultures branched chains of cells. Nitrate is not assimilated. In 
medium with ethanol as sole source of carbon growth occurs. 


The others synonyms will now be briefly discussed. 

Debaryomyces matruchoti was isolated from feces of a patient suffering from 
helminthiasis. In 1921 Gricoraki and Pésu gave the following description: 

In malt extract after 24 hours the cells are round or slightly oval, (1,8—3) x 
(3,6 —5,4) uw. In older cultures they are oval. A sediment and a ring are formed but 
no pellicle. 

Sporulation: Heterogamous conjugation is observed with all transitions to an 
isogamous conjugation. Only 1 spore is formed in the ascus. The spores are round 
with an oildrop in the middle and with a warty wall. 

Fermentation: Glucose, galactose, maltose and lactose are not fermented, 
mannose very weakly. Saccharose is inverted. 

STELLING-DEKKER (1931) observed in this species chiefly round, occasionally 
oval cells, measuring in malt extract (2,3—5,5) x (3—6) mu. 

According to her the main difference between D. kloeckeri and D. matruchoti 
lies in the shape of the cells, preponderantly oval in the former species, chiefly 
round in the latter one. Moreover D. kloeckeri forms branched chains of cells in 
older cultures. 

Debaryomyces hudeloi was created by Da FonsEca (1922) who discovered ascospore 
formation in a strain labeled ‘“levure de Hudelo”’. He brought it into the genus 
Debaryomyces as D. hudeloi. According to Ora (1924) who studied the same strain 
its properties do not correspond to the description given in 1906 by Huperto, 
Dovatand LAaEpERIcH of a yeast isolated by HupEto from a case of blastomycosis, 
with multiple foci, generally designated as ‘“levure de Hudelo” and classified by 
De BrurRMANN and GovuGEROT as Atelosaccharomyces hudeloi. Consequently D. 
hudeloi da Fonseca is not a synonym of Atelosaccharomyces hudeloi as is often 
mentioned in literature. 

Ora (1923) studied this strain together with four other strains which he named 
D. leopoldi, isolated from a carcinoma of the ovary, D. lundsgaardi, isolated from 
a hypopyon keratitis, D. laedegaardi, isolated from a skin infection, and D. hilde- 
gaardi, a yeast of unknown origin. In 1924 Ora studied four other yeast strains 
named by him D. fabryi 1), D. tremoniensis, both isolated from interdigital mycosis, 


*) Ova spelled this name fabrii; STELLING—DEKKER corrected this to fabryt. 
The yeast is named after FABRY who studied it for the first time. 
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D. gruetzii, isolated from a disease of the nails and D. emphysematosus of unknown 
origin, but which will probably be connected with emphysema. Although Ora 
emphasized that all these strains are closely related, he classified them on account 
of minor differences in morphology and in pathogenicity as nine separate species. 

STELLING—DEKKER studied authentic strains of D. hudeloi, D. hildegaardi, 
D. fabryi and D. gruetzii. She classified D. hudeloi because of the round shape of 
its cells as a variety of D. kloeckeri; the other strains were identified with D. 
matruchott. Since Ora stated that all nine species are so closely related, it is highly 
probable that also D. leopoldi, D. lundsgaardi, D. laedegaardi, D. tremoniensis and 
D. emphysematosus are identical with Debaryomyces kloeckeri. Because we were not 
able to study these strains we could not prove this identity. We, therefore, listed 
them with a question mark among the synonyms. 

A strain isolated from sausage and designated as strain Fb by Cisarr and 
GUILLIERMOND which showed minor differences with D. matruchoti was classified 
by STELLING—DEKKER as D. matruchoti var. cesarii. 

A strain which showed small differences from D. kloeckeri—its cells formed 
longer chains, after 2 months a pellicle developed on malt extract, on malt agar 
giant cells were observed—was classified as D. kloeckeri var. major by LODDER 
(1932). 

We further listed among the synonyms D. sake. This yeast was isolated from 
“‘Saké moto” and described in 1932 by Sarro and Ora. Since their publication was 
written in Japanese we could not read it. The two authentic strains studied fully 
agreed with our description of D. kloeckerv. 


\/y Standard description of Debaryomyces kloeckeri 


Growth in malt extract: After 3 days at 25° C. cells are 
round to oval, single or in pairs. The ratio between the number of round 
and that of oval cells may differ in the various strains. In the extreme 





D. kloeckert 
Spores on V8 


Fia. 93 — D. kloeckert medium after 





After 3 days in malt extract 1 week 
cases nearly all the cells are either round or oval. The size of the cells 
ranges from (2,5—5) (3,5—5,5) mw. Occasionally longer cells up to 7 4 
(Fig. 93). A small ring and some sediment may be formed. 
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After one month at 17° C. a ring and a sediment are present. 
Growth on malt agar: After 3 days at 25° C. cells are usually 

oval, occasionally round to oval, single or in pairs. The size of the cells 

ranges from (1,5—3,5) x (2,5—5,5) w or from (2—4,5) x (3—5,5) yw. 

Occasionally cells are longer up to 7 wu. 

The streak culture after one month at 17° C. is greyish- or yellowish- 
white, glistening, almost smooth, occasionally somewhat striped, especially 
in the middle. 

Slide cultures: Either a primitive pseudomycelium or no 
pseudomycelium is formed. 

Sporulation'): The spores are round with an oildrop in the 
middle. They may look warty. Usually a heterogamous conjugation 
occurs, but besides also an isogamous conjugation, and very rarely no 
conjugation immediately precedes ascus formation. Usually 1 spore 
develops in the ascus. Very seldom 2 spores (Fig. 94). 

Fermentation: No fermentation or a very weak fermentation 
of glucose only or of glucose and saccharose. Exceptionally also a very 
weak fermentation of maltose. 

Sugar assimilation: Glucose + Maltose + 

Galactose +- Lactose — 
Saccharose + 

Assimilation of potassium nitrate: Absent. 

Kthanol as sole source of carbon: Very weak growth 
or no growth. 

Splitting of arbutin: Variable. 


4 


A few strains excrete a slight amount of riboflavin into the medium, 
which is especially clear in the synthetic liquid media used in the 
assimilation tests. 


6 Discussion 


The strains belonging to the genus Debaryomyces which are characterized 
by the assimilation of glucose, galactose, saccharose and maltose, but not 
lactose, and which form no pellicle on malt extract or only after a very 
long time of cultivation, are gathered in one species which after the 
specific name of the oldest synonym is named Debaryomyces kloeckeri. 


, , 
) Il of the 17 strains studied still produced ascospores. In one strain con- 

jugating cells were observed, but no spores. Here also the V8 medium and a 

temperature of 20° C. proved to be favorable for ascospore formation, 
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The many transitions in the cell shape from round to oval made it 
impossible to use this property in separating the strains in more species 
or varieties. 

This species has to be regarded as the perfect form of Torulopsis famata. ‘ 


v 


e Origin of the strains studied 


17 strains were studied. 

Among them was an authentic strain of Debaryomyces kloeckeri received in 1925 
from GUILLIERMOND (Paris) and isolated from a case of angina. 

The strain of D. matruchoti was received in 1924 from the Carlsberg Laboratory 
at Copenhagen. 

Authentic strains of D. hildegaardi, D. fabryi (isolated from a case of interdigital 
mycosis) and of D. gruetzii (isolated from a disease of the nails) and a strain of 
D. hudeloi all came in 1924 from Ora (Japan). 

A strain labeled Cryptococcus castellanii (Re) Cast. was obtained in 1926 from 
CASTELLANI (London). This strain was apparently mislabeled. LANGERON and 
GUERRA (1941) showed clearly, after a study of three authentic strains of Monilia 
(Cryptococcus) castellanii Re that this species is identical with Candida pulcherrima. 
Re (1925) mentioned in the description of this species the production of a reddish 
pigment. The strain studied by us formed ascospores and no reddish pigment. 
It is quite different from the three strains studied by LANGERON and GUERRA and 
could be identified with D. kloeckeri. 

Two strains, Bl and Fb of Cksarr and GUILLIERMOND, isolated from sausage 
and classified by StELLING—DEKKER respectively as D. kloeckeri and D. matruchoti 
var. cesarii were received in 1925 from GUILLIERMOND (Paris). 

The strain of D. kloeckeri var. major was isolated from rennet and obtained in 
1931 from the Field Division and Plant Research Station of the Department of 
Agriculture of New Zealand. 

Two strains of D. sake isolated from ‘“‘Moto” of ‘““Kikumasamune”’ named Saké, 
were received in 1935 from Sarro (Japan). 

A strain labeled D. tyrocola and isolated from cheese was received in 1914 from 
Konoxorrna (Russia). Since this strain did not form a pellicle on malt extract 
and did not assimilate lactose it is not, like the other strains of D. tyrocola, 
identical with D. hansenii. 

A strain mislabeled Myceloblastanon gifuense was received in 1935 from OTA 
(Japan). 

A strain mislabeled Candida flareri came in 1946 from MACKINNON (Montevideo), 
It had been isolated, together with Rhodotorula mucilaginosa, from a case of 
paronychia in Montevideo. MACKINNON and ARTAGAVEYTIA—ALLENDE (1945) con- 
sidered it an unpigmented strain of the S-variant of Rh. mucilaginosa. We observed 
sporulation on the V8 medium. 

In 1930 a strain was isolated from an infection in a culture of Sporobolomyces 


tenuis. 
A strain was isolated in Holland from the nail of a deceased patient, and received 


in 1933. 
Probably nine strains are of human origin. 
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The authentic strain of Debaryomyces kloeckeri, received from GUILLIER- 
MOND, has been chosen as the type strain of this species. 


3. DEBARYOMYCES SUBGLOBOSUS (ZACH) NOV. COMB. 


a Synonyms 


Eutorulopsis subglobosa Zach (Wolfram und Zach 1934) 
Debaryomyces matruchoti Grigoraki et Péju var. subglobosus Zach 


6 Original description and historical survey 


In 1934 Wotrram and Zacu described a yeast isolated from diseased nails which 
was named Eutorulopsis subglobosa Zach. Their description runs as follows: 

The cells are round to short-oval. The round cells measure 4,3—7,5 mu, the oval 
cells 3,2 x 6,5 wu, 4,3 X 7 w and 8,6 x 10,8 yw. Buds arise on all sides of the cells. 

In maltose broth a sediment is formed but no pellicle. 

On malt agar cells form branched chains in old cultures. 

Sporulation: No ascospores are formed. 

Fermentation: No fermentation. 

In 1935 the ‘“‘C.B.S.” received a strain of this yeast from Zacu. Ascospores were 
observed in this strain which showed much resemblance to D. matruchoti. This was 
reported to ZacH who suggested a classification of this organism as D. matruchoti 
var. subglobosus. It has since been mentioned under this name in the catalogues 
of the “C.B.8.”. 


y Standard description of Debaryomyces subglobosus 


Growth in malt extract: After 3 days at 25° C. cells are 
round or round to oval, single or in pairs, (2,5—4,5) x (3—5,5) wu (Fig. 95). 
Occasionally a thin ring and a sediment 


are formed. oN 
After one month at 17° C. a ring and OOo 


a sediment are present. 
Growth on malt agar: After 


3 days at 25° C. cells are round to oval, :) 
single or in pairs, (1,7—4) x (1,7—4,5) w. Oe 
The streak culture after one month at ig 
17° C. is greyish-white, glistening, almost = 
smooth, occasionally slightly pointed or 

wrinkled in the middle. 





Fic. 95 — D. subglobosus 
After 3 days in malt extract 


be ee: ; 

Slide cultures: A primitive pseudomycelium may be formed, 
especially by Zacn’s original strain. Generally there is hardly any pseudo- 
mycelium. 
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Sporulation?): The spores are round with an oildrop in the 
middle. Occasionally the spore wall may look wart y. Conjugation is 
usually heterogamous though besides isogamous conjugation may occur. 
Only 1 spore develops in the ascus. 

Fermentation: A very weak fermentation of glucose and usually 
also of saccharose occurs. Seldom maltose is very weakly fermented. 

Sugar assimilation: Glucose + Maltose +- 

Galactose + Lactose + 
Saccharose ++ 

Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: Very weak growth 
may occur. 

Splitting of arbutin: Positive. 


6 Discussion 


This species contains the strains of Debaryomyces which do not form 
a pellicle on malt extract and which assimilate besides glucose, galactose, 
saccharose and maltose also lactose. 

Since the sugar assimilation had not been studied before, the difference 
in lactose assimilation between ELutorulopsis subglobosa and D. matruchoti 
(D. kloeckeri) had not been discovered. On the ground of this difference 
Eutorulopsis subglobosa is re-established as a separate species which is 
included in the genus Debaryomyces as D. subglobosus. 


e Origin of the strains studied 


5 strains were studied. 

Among them is the authentic strain of Eutorulopsis subglobosa obtained from 
ZacH (Vienna) in 1935 and isolated from diseased nails. 

Another strain, isolated in Holland from nails, was received in 1947. 

A strain isolated by Orte (1946) from the throat of a patient who may have 
suffered from tuberculosis was received in 1941. 

A strain was isolated from cheese in Holland in 1946. 

A strain was isolated in Holland from sputum and received in 1947. 


Four strains are of human origin. 


The authentic strain of ZAcH has been chosen as the type strain of 
this species. 
1) 4 of the 5 strains studied formed spores on V8 medium, one of them also on 


eae i 
potato, at a temperature of 20 C. 


Debaryomyces vini 


292 FAMILY ENDOMYCETACEAE [Cu. V, §3 
4. DEBARYOMYCES VINI ZIMMERMANN 


6 Original description and historical survey 


ZIMMERMANN isolated this yeast from wine turning slimy in the bottle. In 1938 
he gave the following description: 

This yeast attracts attention by its small round cells. 

In malt extract the cells measure (2,6—2,9) x (2,9—3,4) mw. After 3 days a 
small ring is formed. Later on the malt extract becomes turbid. 

On malt agar the cells are still smaller, (2—2,9) x (2,3—3,4) wu. 

The streak culture is white, slightly granular with an almost smooth margin. 

Sporulation: On GoropKowa agar after 7 days many conjugations and spores 
were observed. Part of the cells develop very large conjugation tubes. Isogamous 
and heterogamous conjugation is observed. In some cells there is a tendency to 
form more than one conjugation tube. 2—4 spores are formed. The spore wall is 
smooth. rn 

Fermentation: No fermentation. 

Ethanol as sole source of carbon: After 10 days a sediment is formed. 


y Standard description of Debaryomyces vini 


Growth in malt extract: After 3 days at 25° C. cells are 
round to oval, a few elongate cells, (2,2—4,6) x (3,2—6) uw, in branched 
chains (Fig. 96). Very little growth. 

After one month at 17° C. a distinct 
ring, a sediment and some islets are formed. 

Growth on malt agar: After 
3 days at 25° C. cells form branched chains. 
The cells are round, oval or elongate, often 
stalagmoid. 

After one month at 17° C. the streak 
culture is yellowish, dull, wrinkled all over 
the surface, margin lobated. 

Slide cultures: The pseudomyce- 
lium is well developed. The pseudomycelial 
cells are often stalagmoid, the blastospores 
round or oval (Fig. 97). 

Sporulation!): A heterogamous ‘ 
or isogamous conjugation usually precedes Bre. 06 = D. vans 
ascus formation. 1—4 spores are formed Riise 5 Oe: eee 
in the ascus. The spore wall is smooth (Fig. 98). 

Fermentation: Absent. 





: a as 
) The only strain studied sporulated abundantly on various media. 
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Sugar assimilation: Glucose + Maltose + 
Galactose ++ Lactose — 


pads Saccharose -- 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Growth occurs 
Splitting of arbutin: Absent. . 





Fie. 97 — D. vini Fie. 98 — D. vini 
1000 x Spores on gypsum 
Slide culture, potato agar after 4 days 


6 Discussion 


The results of our study of the authentic strain are in good agreement 
with ZIMMERMANN’s description of D. vini. 

This species has a rather unique position in the genus Debaryomyces. 
The fact is that it differs from the other species in two respects, ?.e. in 
the production of a well-developed pseudomycelium and in the formation 
of 4 spores in the ascus. The other Debaryomyces species rarely form a 
more or less well-developed pseudomycelium and usually form only 1, 
seldom 2, but never more spores in the ascus. 

In these respects D. vini takes a place intermediate between the genera 
Debaryomyces and Pichia. In the genus Pichia pseudomycelium formation 
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is always abundant and usually 4 spores develop in the ascus. D. vin 
differs, however, from the genus Pichia in one important property: it 
fully lacks the property to form a pellicle on malt extract. This very fact 
makes the inclusion of D. vini in the genus Pichia impossible. 

We, therefore, maintain this species in the genus Debaryomyces. 


e Origin of the strains studied 


Only 1 strain was studied. . 
It is ZIMMERMANN’s authentic strain, isolated from wine turning slimy in the 
bottle. It was received from ZIMMERMANN (Germany) in 1937. 


5. DEBARYOMYCES NICOTIANAE GIOVANNOZZI 


a Synonyms 


Debaryomyces membranaefaciens Naganishi var. hollandicus Lodder (1932) 
Debaryomyces nicotianae Giovannozzi var. minor Giovannozzi (1939) 
Debaryomyces marylandii Giovannozzi (1941) 


6 Original description and historical survey 


GIOVANNOZZI isolated from fermenting tobacco a yeast which he named 
Debaryomyces nicotianae. He gave a description in 1939, 1941 and in 1948. The 
description of 1939 follows: 

Cells are usually round, occasionally oval, 3,5—5,5 uu. Also giant cells 7—8,7 yu, 
even up to 10 yw. Early formation of a delicate, dry, creeping pellicle on several 
liquid media. 

Sporulation: The ascus formation is preceded by a heterogamous conjugation. 
Only 1 spore is formed in the ascus. The spores have an oildrop in the middle. No 
wartiness of the wall of the spores could be observed. 

Fermentation: A weak fermentation of glucose and saccharose occurs. It is 
doubtful whether also maltose is weakly fermented. 

Sugar assimilation: Glucose, galactose, saccharose and maltose, but not 
lactose are assimilated. 

Nitrate assimilation: Absent. 


Ethanol as sole source of carbon: Poor growth occurs, no pellicle is formed. 


In the same publication D. nicotianae var. minor was described. The cells of the 
variety have a more round shape and a smaller size, measuring 2—5,2 yw. There 
is also some difference in the streak culture. 

LoppER (1932) described a yeast isolated from spoiled salted beans which she 
classified as a variety of D. membranaefaciens, i.e. var. hollandicus. This variety 
differed from the species in not fermenting galactose at all and secondly in the 
of the malt agar streak culture. 

Finally also D. marylandii is regarded as a synonym of Debaryom yces nicotianae. 
GIOVANNOzzI (1941, 1948) isolated also this yeast from fermenting tobacco. 


The description of this species reveals only minor difference 
D. nicotianae. 


color 


es from that of 
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y Standard description of Debaryomyces nicotianae 
Growth in malt extract: After 3 days at 25° C. cells are 
usually round, seldom oval, single or in pairs; round cells measure 2—5,5 ll 
(Fig. 99). The size of cells with round to oval shape is (2,5—4,5) x (3—6) wu. 
A dull, dry, creeping pellicle is formed which is wrinkled or smooth. 
Growth on malt agar: After 3 days at 25° C. cells are usually 
round, seldom oval, single, in pairs or in short branched chains or clusters. 
Round cells measure 2—5 mw, round to 


oO oval cells (2,5—4) x (3,5—5) w. 
OY oO The streak culture after one month 
+ CO O at 17° C. is greyish-white with some 
O Ea) ~O yellow, usually glistening at the margin 
Q only, in the middle with little points to 


sé oa) ome slightly wrinkled, to wrinkled all over 


3 O the surface. 
C2 © ; 
Sy O Slide cultures: Usually no pseudo- 
mycelium. Occasionally a very primitive 
45 cD 0 pseudomycelium is formed. 

e ee © Sporulation!): Spores are round 

oO Q with an oildrop in the middle. They ma 
o) Lg Nest f 


look warty. An isogamous or usually a 
heterogamous conjugation precedes ascus 
formation. Very seldom asci without 
immediately preceding conjugation. 1 spore develops in the ascus. 
Fermentation: A slight fermentation of glucose occurs, often 
also of galactose, saccharose and maltose. 
Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose — 
Saccharose ++ 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Growth occurs, a 
pellicle is formed. 
Splitting of arbutin: Positive. 


Fie. 99 — D. nicotianae 
After 3 days in malt extract 


6 Discussion 
The strains belonging to the genus Debaryomyces which are characterized 


1) 2 of the 5 strains studied were still able to produce ascospores; in one strain 
conjugating cells were observed but no spores. Here also the V8 medium proved 
to be the most adequate medium for sporulation. The ascospore formation proved 
to be better at 20° C. than at 25° C., cf. also Mrak and Bonar (1938). 
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by the early formation of a dry, dull, creeping pellicle (““Kahmhaut’’) and 
the assimilation of glucose, galactose, saccharose and maltose, but not of 
lactose are gathered into one species: Debaryomyces nicotianae. 

We have not chosen the name hollandicus, although D. membranae- 
faciens var. hollandicus is the oldest synonym, in the first place not, 
because it originally had no specific rank, secondly not, because it does 
not suit this species, since most strains are not of Dutch origin. 

We find in this species the same divergences in size and shape of the 
cells and in the aspect of the pellicle as in D. hansenii. Here also the many 
transitions made a further separation into species or varieties impossible. 


e Origin of the strains studied 


5 strains were studied. 

Two strains labeled D. nicotianae and D. nicotianae var. minor were received in 
1938 from GIovaNNozzi (Italy). They were isolated from fermenting Kentucky 
tobacco for “‘toscani” cigars. The same author sent in 1949 a strain of D. marylandii 
which he isolated from fermenting tobacco—lItalian Maryland tobacco—culti- 
vated in Salerno. 

The strain D. membranaefaciens var. hollandicus was isolated in 1923 from spoiled 
salted beans. 

Another strain was isolated in 1931 from brined cucumbers which showed 
symptoms of decay. 


The authentic strain of D. nicotianae has been chosen as the type strain 
of this species. 


g. SUMMARY 


Since the genus Debaryomyces Klécker was not sufficiently differentiated 
from other genera (Saccharomyces) we have emended it by excluding 
the few species with a strong fermentative power. A diagnosis of the 
emended genus has been given. Since D. globosus, the type species of 
the former genus Debaryomyces, is among the excluded species the name 
Debaryomyces Kloécker is no longer valid, To avoid confusion which might 
be caused by introducing a new name, we proposed to retain the name 
Debaryomyces as a “nomen conservandum”’. 

The 44 strains belonging to Debaryomyces were classified in five species. 

The former species D. tyrocola with the variety hansenii, D. guillier- 
mondit with the variety nova-zeelandicus, D. membranaefaciens and 
D. cavensis were classified in one species: D. hansenii. : 

To the second species: D. kloeckeri the former species D. matruchoti 
with its variety cesarii, the 8 species described by OTA in 1923—’24 
(D. hildegaardi, D. laedegaardi, D. leopoldi, D. lundsgaardi, D. fabryi, 
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D. gruetzii, D. tremoniensis, D. emphysematosus), D. sake and the varieties 
D. kloeckert var. hudeloi and var. major were brought. 
The name D. subglobosus was given to the species Hutorulopsis sub- 


globosa described as an asporogenous yeast, as it appeared that this 
yeast could sporulate. 


The species D. vini was accepted, although it was emphasized that this 
species forms a transition from the genus Debaryomyces to the genus 
Pichia. 

A fifth species D. nicotianae comprises the former species and varieties: 
D. nicotianae var. minor, D. membranaefaciens var. hollandicus and 
D. maryland. 

A key to the species has been given. 

Debaryomyces hansenii has been chosen as the type species. 
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Addendum to the tribe SACCHAROMY CHTEAE 


As has already been remarked on p. 58 it still seems doubtful whether 
the genus Saccharomycopsis has to be accepted. If further investigations 
would favor this, it seems very likely that this genus will also be placed 
in the tribe Saccharomyceteae. 


The genus SACCHAROMYCOPSIS Schiénning 


In 1903 ScuténnrNG established a new genus, Saccharomycopsis, for 
which he gave the following diagnosis: 

Budding yeast cells with endospores. The spore has two membranes 
and germinates by budding. 

The author placed two species in the genus, viz. the species for which 
he had created it, Saccharomycopsis capsularis, and Saccharomycopsis 
guttulata. 

As has been described on p. 97 GuImLLIERMOND (1909), after a com- 
parative study on the cytology of Saccharomycopsis capsularis and 
Endomyces fibuliger in 1908, has conveyed the first mentioned species to 
the genus Hndomyces. Obviously he did not regard the double spore wall 
as a sufficiently important character to separate these species in different 
genera. 

The species Saccharomycopsis guttulata has not yet been adequately 
studied. STELLING—DEKKER (1931) retained it provisionally in the genus 
Saccharomycopsis. She regarded the genus as dubious, since she doubted 
the diagnostic value of the double spore wall in yeast taxonomy. We 
agree with her and will follow her provisional retention of Saccharomycopsis 
guttulata in the genus Saccharomycopsis until a successful study of the 
properties of this yeast has made its systematic position clear. 

In our present system it may be placed in the family of the Hndo- 
mycetaceae—subfamily Saccharomycetoideae—tribe Saccharom yceteae. . 

A short review of the data found for Saccharomycopsis guttulata will 


be given. 
SACCHAROMYCOPSIS GUTTULATA (ROBIN) SCHIONNING 


Synonyms 
Cryptococcus guttulatus Robin (1853) 
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Saccharomyces guttulatus (Robin) Winter (1884) 
Atelosaccharomyces guttulatus (Robin) de Beurmann et Gougerot (1909) 


Original description, historical survey and own observations 


REMAK (1845) was the first author who mentioned the occurrence of a yeast 
with big cylindrical cells, probably identical with this species, in the stomach and 
intestines of a rabbit. 

Rosin (1853) also found the organism in the intestinal canal of the rabbit and, 
in addition, in that of other herbivora. He named it Oryptococcus guttulatus because 
of the 2—4 hyalin drops he observed in the cells. In 1847 and 1853 he gave the 
following description: 

The cells are ellipsoidal to long-oval, (6—8) x (15—20) yu, brownish; budding 
at one of the ends; mostly loose cells, occasionally 2—3 cells together. 

WINTER (1884) referred to this yeast as Saccharomyces guttulatus, but he doubted 
the validity of this species. Sporulation had not yet been observed. 

BuscaLioni (1896, 1898) and Buscationr and CASAGRANDI (1898) made an 
elaborate study of this organism. They found that it was a true Saccharomyces, 
capable of budding and of forming ascospores. BuscaLioni also named it Saccha- 
romyces guttulatus. The ascospores were detected in rabbit’s feces which was 
alternately moistened and desiccated. BuscaLion1, however, did not succeed in 
his efforts to bring about spore germination. He claimed to have grown the yeast 
on a solid medium consisting of glycerine agar with glucose and pyruvic acid. The 
organism was found in the stomach and intestines of rabbits. Growth occurred 
only in the stomach. 

WILHELMI (1898) again brought the knowledge of this species a step forward. 
He did not succeed, however, in obtaining a pure culture on a solid medium. In a 
liquid medium consisting of hay extract, with glucose and hydrochloric acid added, 
he obtained good growth at 37° C. when inoculating with stomach contents. The 
yeast was under these conditions in a relatively pure state. The author mentioned 
as conditions of growth except for the stomach contents, the presence of 1,25—5 % 
hydrochloric acid and of 10 % glucose, and a temperature of 37° C. In the above 
mentioned medium the spores also germinated. It appeared that the outer membrane 
of the spore burst and let the yeast cell with its own membrane through. 

CocHEeT (1940) found the organism in the rabbit, and less abundantly, in the 
cavia and the rat. She neither succeeded in obtaining a pure culture of this species 
in liquid or on solid media. In acid media, viz. peptone water or potato water with 
hydrochloric acid or pyruvic acid added, the cells budded. On solid media the 
only colonies emerging from rabbit’s feces were those of Geotrichum candidum. 
CocHET pointed out that arthrospores of this species, which also can stand acid 
rather well, show great resemblance to the cells of Saccharomycopsis guttulata and 
might easily lead to confusion. Sporulation was observed in rabbit’s feces which 
was moistened in a Petri dish and had slowly dried out. 


Our own observations are limited to growth in a liquid medium and 
spore formation. 


In malt extract adjusted to pH 2,5 by addition of hydrochloric 
acid good growth was obtained after 2 days at 37° C. when inoculated 


Saccharomycopsis guttulata 


Cu. V, § 3] SUBFAMILY SACCHAROMYCETOIDEAE 301 


with stomach contents or feces. The cells are long-oval to cylindrical, 
(4—7) x (11—21) y, in pairs or in larger groups (Fig. 100 a). In the young 
cells no-vacuoles can be seen. In older cells 2—3 drop-like vacuoles, which 
gave the yeast its name, are present (Fig. 100 b). 

Sporulation: Spores were observed both in the feces and in 
stomach contents of the rabbit. This material was treated as indicated 
by Cocuet. Spores were observed at a temperature of 17° C. or 25° C. 
They are oval, 1—3 per ascus (Fig. 101). 





| J} 





cg. 100 — Saccharomycopsis guttulata Fic. 101 — Saccharomycopsis geen 
In acidified malt extract Spores from stomach contents 


Though growth in acidified malt extract was abundant, we did not 
succeed in obtaining many budding cells when transferring from this 
culture to a second medium of the same composition. Plating out from 
the culture on malt agar with hydrochloric acid added to the same pH 
neither gave results. 

Growth under anaerobic conditions—in a glass-stoppered bottle com- 
pletely filled with acidified malt extract—was only scanty. 


It may be possible that some factor adherent to the stomach contents 
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or the food debris in the feces, which is brought into the medium by 
inoculation with these elements, is necessary for growth. 
Our study on this subject is continued. 
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Tribe NADSONIEAE 
For the diagnosis of this tribe ef. p. 55 


Genus 7. SACCHAROMYCODES Hansen 
a. DIAGNOSIS OF THE GENUS 


Cells lemon-shaped or sausage-shaped. Vegetative reproduction at the 
poles by budding on a broad base. Pseudomycelium poorly developed. 

The spores are round and smooth; four per ascus. They conjugate 
in pairs. 

In liquid media a sediment and a ring are formed. 

Fermentation. Nitrate is not assimilated. 


b. THE TYPE SPECIES OF THE GENUS 


Saccharomycodes ludwigii Hansen, the only species in this genus is the 
type species. 


c. HISTORICAL SURVEY OF THE GENERIC NAME 

The genus Saccharomycodes has been established by HANSEN in 1904. 
He gave the following diagnosis: 

Vegetative reproduction by budding with incomplete restriction (at the 
base). Formation of mycelium with distinct crosswalls. 

The spores have one membrane, they germinate by formation of a 
promycelium. 

GUILLIERMOND (1928) found that the spores conjugated two by two 
before germinating, generally in the ascus. 

The diagnosis given by STELLING—DEKKER (1931) is covered by our 
diagnosis. 


d. SURVEY OF THE SPECIES ACCEPTED IN THE GENUS 
The genus Saccharomycodes includes one species: 
1. Saccharomycodes ludwigii Hansen 1889. 
e. SYSTEMATIC DISCUSSION OF THE SPECIES 
1. SACCHAROMYCODES LUDWIGII HANSEN 


a Synonyms 


Saccharomyces ludwigii Hansen (1889) 
eee SoS ee ar ae 
Saccharomycodes ludwigii Hansen var. vini Kroemer et Heinrich (1922) 
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6 Original description and historical survey 


HANSEN (1889) isolated a yeast from the exudation of an oak. He named it 
Saccharomyces ludwigit after Lupwia, who isolated apparently the same organism 
from this source. 

Lupwie (1886) described a mycelium-form which he named Endomyces magnusii 
and a Saccharomyces-form which he supposed to belong to the same organism. 
HANSEN could prove that they were separate organisms. 

Of the yeast-form, Saccharomyces ludwigii, he gave the following description: 

On malt gelatin: Cells ellipsoidal to bottle-shaped or lemon-shaped. Often 


spores. 
In malt extract: Fermentation. After one month no pellicle or ring. 
Fermentation: Glucose + Maltose — 


Saccharose + Lactose — 

In 1891 Hansen found that the new cells did not arise by constriction of the 
bud, but by formation of a crosswall and fission. As a rule the spores fused two 
by two. Hansen did not regard this fusion as a conjugation. The fused and the 
single spores germinated by a promycelium. 

These characteristics distinguished the species from the other Saccharomyces 
species. In 1904 HANsEN established a new genus for this species and named it 
Saccharomycodes ludwigit. 

GUILLIERMOND (1928) recognized the conjugation of the spores two by two, 
mostly in the ascus. 

STELLING-DEKKER (1931) studied a strain of this species obtained from 
BEIJERINCK. She gave the following description: 

In malt extract: Cells are sausage-shaped or lemon-shaped, (3—5) x (8 —24) yu. 
A ring and a sediment. Vegetative reproduction by budding at the poles on a broad 


base. 
Spores: Round, smooth, 4 per ascus. They conjugate before germinating. 
Fermentation: Glucose + Maltose — 


Galactose — Lactose — 
Saccharose ++ 

Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: Hardly any growth. 

WiInGE and LaustsENn (1939) and WINGER (1947) studied single-spore cultures 
of Saccharomycodes ludwigii. They found that this yeast is a balanced double- 
heterozygote. The two adjacent spores which conjugate are normally genetically 
different. 

In 1922 Kroemer and Heryricu isolated a yeast from must which they named 
Saccharomycodes ludwigii var. vini. It closely resembled S. ludwigii, but showed 
some differences in the size of the cells and the spores, ring-formation and the 
resistance towards sulphurous acid. 


y Standard description of Saccharomycodes ludwigii 


Growth in malt extract: After 3 days at 25° C. cells are 
lemon-shaped or sausage-shaped, (5—8) x (10—30) #, Single or in pairs. 
Bipolar budding on a broad base. The buds are then separated from the 
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mother cell by formation of a crosswall (Fig. 102). A sediment is formed. 
After one month at 17° C. a sediment and often a ring are present. 
Growth on malt agar: After 3 days at 25° C. cells are lemon- 
shaped or sausage-shaped, (4—8,5) x (9—36) “, Single or in pairs. 
After one month at 17° C. the streak culture is yellowish-brown, slightly 
raised, smooth, dull-shining. The edge is lobbed. 





Fie. 102 — S. ludwigit Fie. 103 — S. ludwigit 
After 3 days in malt extract Spores on malt agar 


Slide cultures: A very primitive pseudomycelium of budding chains. 
Sporulation!): The spores are round and smooth; 4 per ascus. 
They conjugate two by two in the ascus (Fig. 103). 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose + Raffinose + 13 
Sugar assimilation: Glucose + Maltose — 
Galactose — Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Weakly positive. 


6 Discussion 

The results of our examination are in good agreement with the original 
escriptions. 

The differences between the species S. ludwigit and the variety vini 
described by Kropmer and Hernricu are so slight that the latter has 


geen discarded as a variety. 





1) In 3 of the 4 strains studied spores were observed, 


20 
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e Origin of the strains studied 


4 strains were studied. 

One was obtained from BrtsERtNcK. The origin is not known. 

The strain S. ludwigii var. vini was obtained from KROEMER (Germany) in 1930. 
It had been isolated from must. ; 

The third strain came from ExRiicH (Germany) in 1933. 

The last strain was received from CAsTELLI (Italy) in 1934. It had been isolated 


from grape must. 


BEIJERINCK’s strain has been chosen as the type strain of the species. 


f. SUMMARY 


A diagnosis of the genus Saccharomycodes has been given. 
The four strains studied were all classified in the only species Saccha- 


romycodes ludwigit. a -_ 
The species includes the formerly described variety S. ludwigit var. vini. 


Saccharomycodes ludwigit, the only species in the genus, is the type 
species. 


g. ADDENDUM 


This book was already in press when Professor O. VERonA kindly drew our 
attention to the description of another Saccharomycodes species (S. bisporus) by 
CASTELLI (1942). The species mainly differs from S. ludwigii by forming not more 
than two spores in the ascus and by a very particular way of germination of 
the spores. 

The authors regret not to have been able to make personal observations on 
this yeast. 
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Genus 8. HANSENIASPORA Zikes 


a. DIAGNOSIS OF THE GENUS 


Cells lemon-shaped, oval or long-oval. Vegetative reproduction by 
bipolar budding. No formation of pseudomycelium. 

The spores are at first spherical, later hat-shaped. One to four spores 
per ascus. The ability to form spores is easily lost on continued cultivation. 

Fermentative ability. Nitrate is not assimilated. 


b. THE TYPE SPECIES OF THE GENUS 


Since only one species is recognized in this genus, this species, 
Hanseniaspora valbyensis Klécker, is the type. 


c. HISTORICAL SURVEY OF THE GENERIC NAME 


In 1870 ReEEss gave the first description of an apiculate yeast. Although 
he did not observe spores, he included it in a sporogenous genus and 
named it Saccharomyces apiculatus. 

Later on spores in an apiculate yeast were mentioned by BEIJERINCK 
(1894) and Linpn=ER (1903, 1904). The last mentioned author named the 
sporulating species Hansenia apiculata. 

ZikES (1911), in contradistinction to LINDNER, brought the sporogenous 
apiculate yeasts into the genus Hanseniaspora and the asporogenous 
yeasts into the genus Hansenia. He gave no sound argumentation for 
this change. 

KxéckeER (1912, 1913), however, stated that the name Hansenia had 
already been used before by Zopr for a different genus. For this reason 
he proposed the name Pseudosaccharomyces for the asporogenous apiculate 
yeasts. It was later changed by JANKE (1923, 1928) into Kloeckera. 

ZikES’ name Hanseniaspora for the sporogenous apiculate yeasts has 
been maintained. 

LINDNER (1904) and ZrkEs (1911) restricted the description of the 
genus Hansenia resp. Hanseniaspora to sporulating apiculate yeasts. 

STrELLING-DEKKER (1931) gave the following diagnosis: 

Cells lemon-shaped or long-oval. Vegetative reproduction by bipolar 
budding. No pellicle formation on malt extract. Spores in the beginning 
al, later on hat-shaped, which is not always distinct. The ability 


spheric ' 
is easily lost on prolonged cultivation. Fermentation of 


to form spores 
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glucose only, at times weak. No assimilation of nitrate. With ethanol as 
sole source of carbon hardly any growth. 


Though many authors claim to have found spores in apiculate yeasts, 
there is no agreement on the number and the shape of the spores. 

All of them state that the faculty to form spores is easily lost on 
prolonged cultivation. This is a great handicap in verifying statements. 

BEIJERINCK (1894) observed 4—6 ascospores per ascus. KLOCKER (1915) 
studied BEIJERINCK’s strain but found only 2 spores per ascus. In his 
description of Hanseniaspora valbyensis KiécKkER remarked that the 
spores of this species looked exactly like the spores in BEIJERINCK’s strain. 
BEIJERINCK gave, except the note on the occurrence and the number 
of the spores, no further description. 

The second author who described spores in Sacch. apiculatus was 
LinpDNer. In 1901 he gave a drawing of cells with spore-like bodies inside. 
In 1903 and 1904 he described an apiculate yeast—Hansenia apiculata— 
isolated from a Robinia flower, with spherical spores, 1 per ascus. They 
did not germinate. KLOCKER (1915) believed that these so-called spores 
were fat globules. 

Since originally the specific epithet apiculatus was given to an 
asporogenous apiculate yeast and since LINDNER’s description of Hansenia 
apiculata is rather inadequate, most authors rejected the name apiculatus 
as a specific epithet for a sporogenous apiculate yeast (cf. LoppER 1932). 

KLOcKER (1912, 1913), PispER (1928) and LoppER (1932), who all 
described a species in the genus Hanseniaspora, found the spores to be 
oval to spherical in the beginning, hemispherical and hat-shaped later 
on, either 2 or 4 per ascus. 

KUFFERATH (1926) found spherical spores, especially on alkaline malt 
agar. 

NreHaus (1932 a, b) observed always 1 spherical spore per ascus 
on gypsum blocs in 79 freshly isolated strains. The spores could be 
stained and germinated with a promycelium. He established on account 
of these deviating characteristics a new genus Kloeckeraspora with two 
species, viz. Kloeckeraspora osmophila and Kloeckeraspora uvarum. 

CASTELLI (1935) tried unsuccessfully to repeat NreHavs’ observations. 
He postulated that the so-called spores of NreHaus were fat bodies. 

On the other hand Dvornik (1938) who worked in the same laboratorv 
as Niewaus could confirm the latter’s results except for the formation 
of a promycelium. 

Dvornik’s drawings of spores show bodies of irregular shape and 
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varying size. The author did not make physiological experiments with his 
strains. He recognized one species only which he named Kloeckeraspora 
apiculata. 

We quite agree with Mrak and Puarr (1948) who state that the 
question of the spores observed by NreHaus and DvorniK urgently needs 
further investigation. 

Moreover it generally does not seem justified to establish a new genus 
entirely on the difference in the shape of the spores, and particularly not 
in this case, since the difference is very small. That is why we cannot 
accept the genus Kloeckeraspora. 

We studied two strains of Kloeckeraspora obtained from NIEHAUS, viz. 
Kloeckeraspora osmophila and Kloeckeraspora uvarum. No spores were 
observed in them. We intend to include them provisionally in the genus 
Kloeckera. The first strain could be identified with Kloeckera magna 
(De’ Rossi) Janke, the second strain with Kloeckera apiculata (Reess) Janke. 


d. SURVEY OF THE SPECIES ACCEPTED IN THE GENUS 


The genus Hanseniaspora includes one species: 
1. Hanseniaspora valbyensis Klocker 1912. 


e. SYSTEMATIC DISCUSSION OF THE SPECIES 
1. HANSENIASPORA VALBYENSIS KLOCKER 


a Synonyms 


Hanseniaspora guilliermondii Pijper (1928) 
Hanseniaspora melligert Lodder (1932) 


6 Original description and historical survey 


Ki6ckeEr described in 1912 a yeast isolated from soil in Valby near Copenhagen 
and named it Hanseniaspora valbyensis. The description runs as follows: 

In malt extract: Cells are lemon-shaped, partly long-ellipsoidal; some are 
short sausage-shaped. Length 5—8 mw. After 3 days at 30° C. besides lemon-shaped 
and ellipsoidal, many long sausage-shaped cells occur. A solid sediment is formed. 

Sporulation: The spores are, when young, spherical, later on they. Becenis 
hemispherical with a ledge, which makes them hat-shaped. Before germinating they 
swell and the ledge disappears. Spores were observed on malt gelatin; mostly 2, 
seldom 1 per ascus. Sporulation decreased on continued cultivation. 

Fermentation: Glucose + 

STELLING-DEKKER (1931) studied a strain from KLGOCKER. Her results agree with 
Ki6cKker’s description; sporulation was, however, no longer observed, She added 
the following data: 

Assimilation of potassium n itrate: Absent 


Ethanol as sole source of carbon: Hardly any growth. 


The other synonyms will now be briefly discussed. 
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In 1928 Pisper described an apiculate yeast which he named Hanseniaspora 
guilliermondii isolated from the nails of a patient suffering from onychosis in 
Pretoria. He observed spores, mostly 4 per ascus, and detected differences in the 
behavior of the 4 spores towards staining: the equatorial spores were acid-fast, 
the polar spores not. The spores were round to oval, later on hat-shaped and 
swelling in germinating. Sporulation was abundant in the freshly isolated strain, 
but decreased later on. Only glucose was weakly fermented. 

It was considered to be a new species on account of the number of spores per 
ascus. 

STELLING-DEKKER (1931) studied Prsper’s strain. She maintained it as a 
separate species. 

LoppER (1932) studied a yeast previously described by MELLIGER (1931) as 
Hanseniaspora spec. and isolated from dates. She considered it a new species and 
named it Hanseniaspora melligeri. The characteristics separating it from Hansenia- 
spora valbyensis and Hunseniaspora guilliermondii were: vigorous fermentation of 
glucose, the occurrence of elongate cells on malt agar and the number of 4 spherical 
or angular, later hat-shaped spores. 


y Standard description of Hanseniaspora valbyensis 


Growth in malt extract: After 3 days at 25° C. cells are 
lemon-shaped, oval or long-oval, (2—4) x (4—10) yw, single or in pairs 
(Fig. 104). A thin sediment is aad 


After one month at 17° 
sediment and a thin ring are aokts 


Growth on malt agar: 
After 3 days at 25° C. cells are 


lemon-shaped, oval or long-oval, 
(1,5—4,5) x (4—10) w, occasionally 
somewhat longer. 
After one month at 17° C. the 
streak culture is greyish-yellow, flat : 
) ) Ex valbyensis 
smooth and shiny. Spores on V 8 


Slide cultures: No pseudo- medium after 
mycelium is formed. Fie. 104 — Hanseniaspora 4 weeks 
valbyensis (strain from 
ays in malt extract tomatoes) 





Fie. 105 — 
Hanseniaspora 





Sporulation!): Spores are aper3q 
hat-shaped with an oildrop inside; 
1—4 per ascus. According to the description they should be round to 
angular when young and hat-shaped later on; 1—4 per ascus (Fig. 105). 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 


: — ; 
) Only in 1 of the 8 strains studied ascospores were observed, 
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Sugar assimilation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 


Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Absent. 


6 Discussion 


Three species formerly described, viz. Hanseniaspora valbyensis, H. 
guilliermondii and H. melligeri have been gathered in one species. The 
differences earlier detected and used to differentiate them proved to be 
either non-existing or of minor value. 


In the first place the fermentation of glucose of Hanseniaspora guillier- 


mondii appeared to be hardly or not at all different from the other species 
and could not be indicated as weak. 


The occurrence of more or less elongate cells appeared to be variable. 


Lastly we cannot accept species based only on a difference in the 
number of spores present in the ascus. 


The species Hanseniaspora valbyensis may be regarded as the perfect 
stage of Kloeckera apiculata. 


e Origin of the strains studied 


8 strains were studied. 

One of the five strains labeled Hanseniaspora valbyensis was received from 
K16cKER (Copenhagen) in 1913. KiécKker isolated this species from soil in Valby 
near Copenhagen. 

A second strain was obtained from WrncE (Copenhagen) (WINGE and Hgort 
1935) in 1935 and is one of the subcultures from KL6cKER’s collection. 

One strain came from the “C.L.M.R.” (Dairen, Manchuria) in 1927. It originated 
from the ‘‘N.C.T.C.”’ (London). 

One strain was obtained from PrrpramM (Vienna) in 1931. It was sent by KL6cKER 
to the “KrAv” collection. 

The fifth strain was received from LasH Mrimier (Canada) in 1936. It came 
originally from the ‘‘A.T.C.C.”. 

The strain Hanseniaspora guilliermondii was obtained from PIJPER (South-Africa) 
in 1928. It had been isolated from the nails in a case of onychosis. 

The strain Hanseniaspora melligeri described by LODDER was received from 
CHopat (Switzerland) in 1931. MELLIGER isolated it from dates. 

The last strain had been isolated from fermenting tomatoes in the Laboratory 
of Microbiology at Delft (Holland) in 1924. This is the only strain in which we 


still observed ascospores. 


One of the eight strains is of human origin. 
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“ 


The strain of Hanseniaspora valbyensis obtained from KL6cKER in 1913 
has been chosen as the type strain of the species. 


f. SUMMARY 


A diagnosis of the genus Hanseniaspora has been given. 

A brief critical review of the literature on spore formation in apiculate 
yeasts led to the rejection of the genus Kloeckeraspora Niehaus. 

Since the question of the spores observed by NieHAvs and DvoRNIK 
does not seem to be definitely settled, the species established by these 
authors are left out of discussion in this genus. They are provisionally 
regarded as Kloeckera species. 

The eight strains studied have been classified in one species, viz. 
Hanseniaspora vaibyensis. This species includes the formerly described 
species Hanseniaspora guilliermondw and Hanseniaspora melligeri. 

Hanseniaspora valbyensis, the only species in this genus, is the type 
species. 
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Genus 9. NADSONIA Sydow 


a. DIAGNOSIS OF THE GENUS 


Cells lemon-shaped, oval or elongate. Vegetative reproduction by 
bipolar budding on a broad base. The cells are freed from each other by 
a kind of fission. No pseudomycelium is formed, a few elongate cells in 
chains may be present. 

Heterogamous conjugation between mother cell and bud; afterwards 
the zygote forms a bud at the end opposite to the first bud. The contents 
of the zygote move into the second bud which is transformed into an 
ascus. Usually one, occasionally two spores are formed in the ascus. 
The spores are round with a warty wall, light brown, with an oildrop 
in the middle. 

In malt extract a sediment and a dry, dull, creeping pellicle are formed. 

Fermentation of glucose; other sugars may also be fermented. Nitrate 
is not assimilated. 


b. THE TYPE SPECIES OF THE GENUS 


According to art. 18 of the Intern. Rules of Botan. Nomenclature 
Nadsonia fulvescens (Nadson et Konokotina) Sydow is the type species. 


c. HISTORICAL SURVEY OF THE GENERIC NAME 


Napson and KonoxorTina (1911 a, b, 1912, 1926) isolated from 
exudations of an oak a very peculiar yeast which they described as 
follows: 

The cells are oval, elliptical or lemon-shaped. Budding is polar. The 
spores are formed by a very remarkable process. Conjugation takes place 
between a mother cell (macrogamete) and its bud (microgamete). At the 
opposite end of the mother cell a second bud is formed which becomes the 
ascus. The contents of macrogamete and microgamete move into the 
second bud. Usually one, rarely two spores are formed which are round, with 
an oildrop inside, which have a warty spore wall and a yellowish-brown 
color. When spore formation is abundant the culture assumes a yellowish- 
brown, brownish-red or light brown tinge caused by the color of the spores. 

Napson and Konoxorrna classified this organism in a new species in 


a new genus, viz. Guilliermondia fulvescens. 


Nadsonia fulvescens 


314 FAMILY ENDOMYCETACEAE [(Cu. V, §3 


In 1912 Sypow pointed to the fact that a genus Gwilliermondia had 
been created before by Bouprer for different fungi. That is why he 
proposed to change the name Guilliermondia fulvescens into Nadsonia 
fulvescens. . 

GUILLIERMOND’s description (1928) is almost the same as that given 
by the Russian authors. 

The diagnosis of this genus given by STELLING—DEKKER (1931) is 
covered by our diagnosis. 


d. SURVEY OF THE SPECIES ACCEPTED IN THE GENUS 


The genus Nadsonia includes 2 species which follow in chronological 
sequence: 


1. Nadsonia fulvescens (Nadson et Konokotina) Sydow 1911 
2. Nadsonia elongata Konokotina 1913. 


e. KEY TO THE SPECIES OF THE GENUS NADSONIA 


la Only glucose fermented 
Nadsonia elongata. .......... p. 318 
b Glucose, galactose and maltose fermented; saccharose 
may be fermented weakly 
Nadsoma fulvescens .......... p. 315 


f. SYSTEMATIC DISCUSSION OF THE SPECIES 


1, NADSONIA FULVESCENS (NADSON ET KONOKOTINA) SYDOW 


a Synonyms 


Guilliermondia fulvescens Nadson et Konokotina (1911) 


6 Original description and historical survey 


Napson and Konoxorina (1911 a, b, 1912, 1926) isolated this yeast from 
exudations of an oak in the neighborhood of St. Petersburg. They named it 
Guilliermondia fulvescens and gave the following description: 

Growth on meat peptone gelatin with glucose: After one day cells 
oval or elliptical, (4—7,5) x 15 mu. Later also lemon-shaped and spindle-shaped 
cells. Budding polar. Usually one bud is formed which, when it has reached its 
full growth, frees itself. The bud was connected with the mother cell by a wide 
canal as in Saccharomycodes ludwigii. After 24 hours cells in pairs, later in groups 
of four or more cells. In old cultures very large cells. 

In malt extract with 5 % glucose a thin, dry, whitish-grey pellicle is formed. 

Sporulation: After 3 days on meat peptone gelatin with glucose spore formation 
starts. Many cells become more elongate, club-, pear-, lemon- or spindle-shaped. 
At one end of the mother cell buds arise which remain small and free themselves. 


One remains near to the mother cell. Mother cell (macrogamete) and bud (micro- 
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gamete conjugate. The nucleus of the microgamete moves into the macrogamete 
and forms with the nucleus of the latter a synkarion. At this time, but often earlier, 
a bud arises at the other end of the mother cell. The contents of macro- and 
microgamete with the synkarion move into this bud which becomes the ascus. 
Macro- and microgamete remain behind as shells filled with a transparent aqueous 
fluid. There is a fusion of the nuclei in the ascus and after that the nucleus divides 
itself mostly into four nuclei. Usually three of them degenerate. The young ascus 
is generally round. The mature ascus with spore is pear-shaped. The asci measure 
5—7 m, occasionally up to 9 uw. They are seldom longer, ovoid or elliptical. The 
ascus is usually separated from the dead rests of macro- and microgamete. 1, rarely 
2 and very seldom 3 or 4 round spores are formed. The surface is warty and assumes 
a yellow-brownish tinge. This gives the culture when it forms spores abundantly 
a yellowish-brown, brown-red or light brown color. Stable asporogenous races were 
found with white colonies. Spores measure 4—6 «. They have an oildrop inside. 

Abnormal cases were observed when the spore is formed in the macrogamete. 

The spores can germinate by budding. 

Fermentation: Glucose + Maltose + 

Galactose + Lactose — 
Saccharose + 

In 1912 Sypow changed the generic name Guilliermondia, which was a later 
homonym, into Nadsonia. 

In 1926 Napson and Puitippov studied the influence of X-rays on this organism. 
They observed the following abnormities: 

1. Conjugation between a cell and the bud of another cell. 
Conjugation between two macrogametes. 
Conjugation between a cell and two buds.The result is one ascus with one spore. 
Formation of very small cells. No normal development of ascus and spores. 
Formation of asporogenous races. 

STELLING—DEKKER, who studied an authentic strain of Nadsonia fulvescens 
observed no longer spore formation. She further found the fermentation of 
saccharose to be negative. 


or ee 


y Standard description of Nadsonia fulvescens ') 

Growth in malt extract: After 3 days at 17° C. cells are 
oval, elongate or lemon-shaped, (5—7,5) x (9—16) mw, usually in pairs. 
Budding is polar and on a broad base (Fig. 106). The cells are freed from 
each other by a kind of fission. A thin, smooth, dry, dull, creeping pellicle 
is formed. Cells of the pellicle have about the same shape and size as 
those of the sediment. 

After one month at 17° C. a sediment and a pellicle are present. 

Growth on malt agar: After 3 days at 17° C. cells are oval, 
elongate or lemon-shaped, (5—7) x (8—16,5) wy, usually in pairs. 

After one month at 17° C. the streak culture is light yellowish to 


1) Since the strain studied does not grow at 25° C. the experiments were performed 


Bt 17°C. 
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cream-colored, dull, slightly glistening at the margin, almost smooth, 


margin sinuous. 
Slide cultures: No pseudomycelium is formed. There are a 


few elongate cells in short chains. 





Fie. 106 — Nadsonia fulvescens 
After 3 days in malt extract 


Sporulation?): According to the literature a heterogamous 
conjugation between mother cell and daughter cell occurs; the mother 
cell forms a second bud at the opposite end into which the contents of the 
mother cell and first bud move. The second bud becomes the ascus in 
which usually 1, seldom more spores are formed. The spores are warty, 
yellowish-brown and have an oildrop inside. 


Fermentation: Glucose + Maltose + 
Galactose +- Lactose — 
Saccharose + (very weak) 
Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Growth, a pellicle 
may be formed. 
Splitting of arbutin: Absent. 


1) In the only strain studied no spores could be detected. 
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e Origin of the strains studied 


Only 1 strain was studied, an authentic strain, received in 1913 from NApson 
and Konoxotina (Russia). It had been isolated from exudations of an oak. 


2. NADSONIA ELONGATA KONOKOTINA 


a Synonyms 


Guilliermondia elongata Konokotina (1913) 
Nadsonia richtert Kostka (1927) 


Pp Original description and historical survey 


KonoxotTina (1913) isolated from exudations of a birch in the province of 
Smolensk a yeast which she named Nadsonia (Guilliermondia) elongata. 

Her description runs as follows: 

The cells are oval, (6—8) x 17 uw; when sporulation starts they become elongate. 
Spores are formed in the same way as in Nadsonia fulvescens. 

The color of the colonies on meat peptone gelatin with glucose is brown in the 
.middle and white at the margin, as no spores are formed at the margin. 

Only glucose and fructose are fermented. 

STELLING—DEKKER (1931) who studied an authentic strain could confirm 
Konoxotrna’s description. She observed spores in old cultures on carrot and on 
malt gelatin, but was unable to observe the way in which the asci were formed. 


In 1927 KostrxKa described a Nadsonia isolated from the exudations of Carpinus 
betulus near Briinn (Austria), which he considered a new species and named after 
Dr O. RicuteR: Nadsonia richteri. 

He described this yeast as follows: 

The young vegetative cells are long-elliptical, usually pointed at both ends like 
apiculate yeasts, (4—7) x (10—15) yw. Later also pear-shaped and spindle-shaped 
cells with long appendices especially in the pellicle on malt extract. Giant cells 
were rarely observed. 

Budding is polar and the bud is connected with the mother cell by a wide canal. 
Later a septum is formed which separates the daughter cell from the mother cell. 

In malt extract a sediment and a thin greyish pellicle are formed. 

Sporulation: On glucose peptone gelatin spore formation starts after three 
days. The cells become more elongate, club-, bottle- or spindle-shaped. The mother 
cell (macrogamete) forms a bud (microgamete) which is usually not separated. 
Conjugation between these two takes place. In liquid media the bud may be 
separated from the mother cell, and in this case both form conjugation tubes through 
which conjugation occurs. At the opposite end of the mother cell a new bud is 
formed into which the contents of macro- and microgamete move. This bud becomes 
the ascus. One spore is formed. 

Abnormities were also observed, viz. conjugation between macrogamete and two 


microgametes, conjugation between two macrogametes, and ascus formation without 


previous conjugation. 


The ascus is elliptical or pear-shaped, (4,2 —4,6) x (9 —10) uw. One, usually round, 
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seldom oval brownish spore, 3,8 —4,5 u. The spore wall is warty. The mature spore 
germinates by budding. 

The streak culture on malt gelatin is first white, dull-glistening, waxy; with 
progressive sporulation the color changes to light leather-brown. White spots are 
often observed which give, after transferring, asporogenous races. 

Fermentation: Glucose + ' Maltose + 

STELLING—DEKKER (1931) who studied an authentic strain could confirm these 
observations except for the fermentation of maltose which proved to be negative. 
This observation removes an essential difference with Nadsonia elongata. STELLING— 
DEKKER distinguished the two by their behavior in a medium with ethanol as sole 
source of carbon. Nadsonia elongata showed a distinct growth and formed a pellicle 
while Nadsonia richteri did not grow in this medium. 

SkOvsTEeD (1943) made an extensive study of mutation in Nadsonia richteri. He 
used the same strain as studied by STELLING—DEKKER and by us, viz. KostTKa’s 
authentic strain. He found in single-cell and in single-spore cultures a very great 
tendency to mutation; the mutations appeared as sectors on the giant colonies. 
Mutation concerned the color of giant colonies which varied from whitewashed 
to brown, though there was some correlation between the color and the number of 
spores formed: the brownish types formed spores abundantly. Further the surface 
of the giant colonies varied from smooth to plicate, the cells from small round ones 
to large ones or long ones resembling hyphae; the asci were small or long hammer- 
shaped; the spore frequency ranged from none at all to about 50 % and the number 
of spores from 1 to 1—3 spores. One of the isolated types deviated to such a degree 
that according to the author it undoubtedly would have to be considered as a new 
species. 

SKOVSTED also made cytological studies of the yeast. The cells were uninuclear. 
In the first stage of ascus formation the triads involved in the formation of the 
ascus were all uninuclear. In a later stage one of the terminal cells was swollen and 
filled with plasma with a nucleus while the two other cells were empty apart from 
a nucleus in the middle cell. The author draws the conclusion that the nuclei of the 
two extreme cells have fused. Later stages indicate that a reduction division takes 
place in the ascus and that three of the nuclei formed usually degenerate. The main 
vegetative stage of this yeast is thus haploid. 


y Standard description of Nadsonia elongata 


Growth in malt extract: After 3 days at 25° C. cells are 
oval to elongate or lemon-shaped, (4—8) x (8—18) wu. Cells single, in 
pairs or in short chains of 3 or 4 cells. Budding is bipolar, on a broad base. 
The cells are separated from each other by a kind of fission (Fig. 107). 
A thin, white, slightly wrinkled, creeping pellicle is formed. 

After one month at 17° C. a thin pellicle and a sediment are present. 

Growth on malt agar: After 3 days at 25° C. cells are oval 
to elongate or lemon-shaped, (4—7) x (7—15) fu, single or in pairs. 

After one month at 17° C. the streak culture is dull in the middle, 
glistening at the margin, usually flat but occasionally somewhat raised. 
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When the culture has formed spores abundantly the color is brown like 
that of the malt agar with some light spots; otherwise the color is 
greyish-cream. The margin is 
lobated. 

Slide cultures: No 
pseudomycelium is produced. 
Short chains of elongate cells 
may be formed. 

Sporulation?): Cell 
triads are formed, one large 
cell with two buds at opposite 
ends. Two cells are empty 
whereas the third cell—the 
ascus—contains the spore. 
Often the ascus had freed 
itself from the two other cells. 
The ascus is round or pear- 
shaped. Usually 1, seldom 2 
spores are formed. Spores are 
round, light brown with a warty spore wall and an oildrop inside (Fig. 108). 





Fic. 107 — Nadsonia elongata 
After 3 days in malt extract 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 





Fic. 108 — Nadsonia elongata 
Spores on gypsum block after 9 days 





formed in the three strains studied. Two strains formed spores 
a studied. In the third strain spores were observed 
llicle in malt extract cultures and on the V8 
Usually cells were found 


1) S$pores were 
very easily on nearly all the medi 
on old malt agar cultures, in the pe 
In this strain cell triads were seldom observed. 


medium. ' - 
of which one contains the spore. Infrequently 


in pairs, occasionally of equal size, 


spores in both cells. Also single ascl. 
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Sugar assimilation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 


Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Fair growth occurs, 


a pellicle is formed. 
Splitting of arbutin: Absent. 


6 Discussion 


Our results are in good agreement with the various descriptions. Like : 
STELLING-DEKKER we found no fermentation of maltose in the strain of : 
Nadsonia richteri. StELLING-DEKKER distinguished Nadsonia elongataand — 
Nadsonia richteri on the ground of a difference she observed in the use 
of ethanol as source of carbon. Since we found no difference between the 
three strains in this respect, this separation cannot be maintained. 

One strain was deviating in its ascus formation. STELLING—-DEKKER 
had already noticed this. Since Napson and Konoxorina and KostTKa 
often observed abnormities in the ascus formation in Nadsonia, we cannot 
separate this strain from the others for that reason. We feel justified in 
gathering the three strains into one species, which we designate by the 
oldest name as Nadsonia elongata. 


e Origin of the strains studied 


3 strains were studied. 

An authentic strain of Nadsonia elongata was received in 1925 from KONOKOTINA 
(Russia). It had been isolated from the exudations of a birch in the province of 
Smolensk. This strain differs from the others in its ascus formation. 

An authentic strain of Nadsonia richteri was received in 1927 from KostKa 
(Austria). It had been isolated from the exudations of Carpinus betulus near Briinn. 

The third strain was received in 1927 from Napson (Russia) labeled Nadsonia 
fulvescens. STELLING—DEKKER identified it with Nadsonia elongata. 


The authentic strain of Nadsonia richteri, received from KostKa, has 
been chosen as the type strain of this species. 


g. SUMMARY 


The diagnosis of the genus Nadsonia has been given. 

The four strains studied were classified in two species: Nadsonia 
fulvescens and Nadsonia elongata. 

Of the three species described by Srettinc—DEKKER Nadsonia richteri 
could be identified with Nadsonia elongata. 
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A key to the species has been given. 
Nadsonia fulvescens is the type species of this genus. 
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§4. SUBFAMILY NEMATOSPOROIDEAE 


For the diagnosis of this subfamily cf. p. 55. 
A discussion of the 3 genera belonging to this subfamily follows. 


Genus 1. MONOSPORELLA Keilin 


a. DIAGNOSIS OF THE GENUS AFTER METSCHNIKOFF AND KEILIN 


Cells oval, single or in chains. Vegetative reproduction by budding. 
Ascus formation is not preceded by conjugation. Ascus is elongate and 
forms one needle-shaped spore. 


b. THE TYPE SPECIES OF THE GENUS 


The genus Monosporella was established in 1920 including two species. 
Since up till now a type species has not been designated, we have chosen 
out of these two species Monosporella bicuspidata (Metschnikoff) Keilin 
to be the type of the genus. 


c. HISTORICAL SURVEY OF THE GENERIC NAME 


The name Monospora bicuspidata was given by METSCHNIKOFF (1884) 
to an organism parasitic in Daphnia magna. The cells multiplied by 
budding. They may become elongate and change into asci which form 
1 needle-shaped spore pointed at both ends. 

Keriin (1920) changed the name: Monospora into Monosporella since 
Monospora had already been applied by Hocusterrer in 1841 to a genus 
of the Flacourtiaceae and by Souter in 1845 to a genus of the Rhodo- 
melaceae, 

Kerirn described a second species in this genus: M onosporella unicus- 
pidata, parasitic in larvae of the Ceratopogonid Dasyhelea obscura Winnertz. 
It differed from M. bicuspidata mainly in that the spore was pointed at 
one end only, the other end was truncate. Neither of these two yeasts was 


cultivated. 
d. SURVEY OF THE SPECIES ACCEPTED IN THE GENUS 


The genus Monosporella includes two species which follow in chrono- 
logical sequence: 

1. Monosporella bicuspidata (Metschnikoff) Keilin 1884 

2. Monosporella unicuspidata Keilin 1920. 


~ 
~ 


Monosporella bicuspidata 


Monosporella unicuspidata 
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e. KEY TO THE SPECIES OF THE GENUS MONOSPORELLA 


la Spores are pointed at both ends 


Miicnspidia ek p. 323 
b Spores are pointed at one end 
M. unicuspidaia. .. . 2... ip. 828 


f. SYSTEMATIC DISCUSSION OF THE SPECIES 
1. MONOSPORELLA BICUSPIDATA (METSCHNIKOFF) KEILIN 


a Synonyms 


Monospora bicuspidata Metschnikoff (1884) 


6 Original description and historical survey 


The description of this species given by METscHNIKOFF (1884) runs as follows: 

Cells oval or slightly curvated, single or in short chains. They multiply by 
budding, usually at the ends, occasionally at the sides. 

The cells may become longer and change into asci which are club-shaped. The 
asci form 1 needle-shaped ascospore, pointed at both ends. The spores may 
germinate. They form a protuberance on which an oval cell arises. 

This species was found as a parasite in Daphnia magna. It has not been cultivated 
and, therefore, has not been studied by others. 


2. MONOSPORELLA UNICUSPIDATA KEILIN 


6 Original description and historical survey 


KeEILin’s description of this species published in 1920 runs as follows: 

Cells are oval from 4—10 yw long, single or in short chains. They multiply by 
budding at the ends. The cells may become elongate, 2,5 x (30—40) w and change 
into asci. 1 long needle-shaped spore with one end sharply pointed, the other end 
truncate, is formed. The spores are from 24—35 yw long. 

These yeasts live as parasites in the larvae of the Ceratopogonid Dasyhelea obscura 
Winnertz. They were not cultivated and, therefore, have not been studied by others. 
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Genus 2. NEMATOSPORA Peglion 


a. DIAGNOSIS OF THE GENUS 


The shape of the cells is very variable. They may be round, oval, 
elongate or irregularly shaped. Vegetative reproduction by multilateral 
budding. A true, scarcely septate mycelium and, to a greater or lesser 
extent, a pseudomycelium are always present. 

Asci are much larger than the vegetative cells. Hight spindle-shaped 
ascospores are formed, each provided with a whip. Spores in two bundles 
of four in the ascus, one bundle at each end. 

In malt extract a sediment and occasionally a ring. 

Fermentative dissimilation. Nitrate not assimilated. 

The yeasts belonging to this genus are all plant parasites. 


b. THE TYPE SPECIES OF THE GENUS 


The only species recognized in this genus, Nematospora coryli Peglion, 
is the type species. 


c. HISTORICAL SURVEY OF THE GENERIC NAME 


PEGLION (1897, 1901) created this genus for an organism isolated from 
diseased hazelnuts. He described it as follows: 

Vegetative reproduction by budding. 

Eight thread-like ascospores are formed which are provided with a 
non-motile flagellum. They are arranged in the ascus in two bundles of 
four spores. 

Because of the characteristic shape of the spores PEGLIon created a 
new genus for this organism which he named Nematospora. This name 
is derived from the Greek word “néma’’ which means thread. 

GUILLIERMOND (1928) made a thorough study of this genus. He gave 
the following description: 

In young cultures first only yeast cells are present, out of them a 
branched mycelium may grow. 

Huge cells, which become the asci, are formed without conjugation out 
of the yeast cells or of the mycelium cells. They contain originally only 
one nucleus which undergoes several successive mitoses. 4 or 8 ascospores 
are formed. In the latter case they are arranged in two bundles of four. 


Occasionally 1 or 2 ascospores are observed, The ascospores are spindle- 
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shaped, at the upper part pointed and almost empty, at the lower part 
slightly swollen with a dense cytoplasm and a nucleus, ending in a long 
flagellum-like appendix. The free ascospores germinate above the pseudo- 
flagellum. They produce yeast cells or rarely hyphae. 

STELLING—DEKKER (1931) gave a diagnosis of the genus Nematospora 
which is covered by our diagnosis and, therefore, omitted here. 


In some respects closely related to the genus Nematospora is the genus 
Ashbya, which we will shortly discuss here. 

GUILLIERMOND (1928) separated from the genus Nematospora a species 
named Nematospora gossypii and described by AsHBy and Nowe. in 
1926. He created a new genus for it which he named Ashbya. The genera 
Nematospora and Ashbya are related by the remarkable shape of the 
ascospores. They are different in that in Ashbya no yeast cells are formed 
but only a plurinucleate mycelium. The spore sacs are formed in the 
mycelium; they are plurinucleate and, therefore, cannot be considered as 
asci. In this respect Ashbya is different from the sporogenous yeasts. 

STELLING—DEKKER, in contradistinction to GUILLIERMOND, observed 
under special conditions yeast cells in Ashbya, but these are met with in 
many other fungi. The spore sac is merely a part of the mycelium and 
not an ascus. The genus Ashbya, therefore, does not belong to the 
ascosporogenous yeasts. 

We subscribe to this conclusion (cf. also chapter IV, p. 60), and, 
therefore, a further treatment of this genus is omitted in this book. 


d. SURVEY OF THE SPECIES WITHIN THE GENUS 


The genus Nematospora includes one species: 
1. Nematospora coryli Peglion 1897. 


e. SYSTEMATIC DISCUSSION OF THE SPECIES 


1. NEMATOSPORA CORYLI PEGLION 


a Synonyms 


~ 


Nematospora lycopersici Schneider (1917) 
Nematospora phaseoli Wingard (1922) 
Nematospora nagpuri Dastur (Dastur and Singh 1930) 


6 Original description and historical survey 


Prciion (1897, 1901) isolated this yeast in Italy from diseased fruits of Corylus 


avellana. . . 
In the fruits the cells are oval, almost round or cylindrical. 
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The yeast grows very well on solid media. In liquid media growth is poor, 
mycelium is formed. 

Out of the spores new cells arise by budding. These buds measure 4—5 wu. They 
come free, multiply by budding and enlarge themselves. They measure then 
(6—8) x (65—70) w and become asci. : 

Spores are thread-like or spindle-shaped, one end is rounded, the other end is 
provided with a non-motile flagellum. In the ascus the flagellum is usually 
invisible. 

The spores measure (2—3) x (38—40) mw without flagellum; they are arranged 
in the ascus in two bundles of four. 


In 1916 and 1917 ScHNEIDER described a yeast isolated from tomatoes (Lycoper- 
sicum esculentum) from Southern California, Cuba and Mexico, which he named 
Nematospora lycopersici. 

The vegetative cells multiply by budding. Normal cells are ellipsoidal or ovoid, 
but they may undergo remarkable changes in shape. Elongate cells may give a very 
close resemblance to true hyphal fungi. Daughter cell formation is usually bipolar 
by apical budding and also by apical-lateral budding at cell unions. 

An isogamous conjugation may precede the formation of the ascus, which is 
cylindrical with rounded ends, 60 —70 yw in length. 8 ascospores are formed, arranged 
in two groups of 4. They are two-celled, rather slender and taper to a point, 
4,5 x 50 uw. The cell which is directed toward the middle of the ascus contains 
at its end a motionless flagellum, 50—100 yw in length and stains heavily. 

Further SCHNEIDER mentions arthrospores which are merely large spherical 
vegetative cells. 

The yeast is a true parasite. 

In 1922 and 1925 Wincarp described a Nematospora, isolated from Lima beans 
(Phaseolus lunatus), which he named Nematospora phaseoli. 

It could attack a great number of vegetables but was especially frequent in 
Leguminoses. 

The cells show a wide variation from small ellipsoidal to large oval. Ellipsoidal, 
(2—10) x (5—14) w and spherical cells, 10—20 uw, predominate in young cultures, 
but mycelium strands and cells in the shape of tennis rackets, walking sticks ete. 
are not uncommon. The cells adhere in little groups. Mycelium is septate and in 
most cases forms buds at the crosswalls. 

Occasionally a cell conjugation precedes ascus formation, but this is not common. 
Asci are cylindrical with rounded ends, (10—12) x (60—85) yu. They contain one 
nucleus which undergoes a triple mitotic division. 8 ascospores in two groups of 4, 
(2,5 —3) x (40 —46) yw, slender, 1-septate, slightly rigid at the septum, apex acute, base 
extended into a slender, non-motile whip which averages about 1,25 x spore length. 

Ascospores germinate by budding out of the basal cell or by forming a germ tube. 
Occasionally 2 ascospores conjugate, forming a new ascus. 

In 1926 AsHsBy and Nowe 1 studied several Nematospora strains, one isolated 
from cotton bolls in Jamaica, the others from cotton bolls and the seeds of a variety 
of plants in the Lesser Antilles. They identified them all with Nematospora co ryli. 
Their description is rather similar to that of the other authors. They did not observe 
conjugation of the cells. The vegetative cells and the young sporangia are 
uninucleate. The latter usually soon become binucleate. : 
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The spores have no septum, but there is a difference between the contents of 
the upper and the lower part of the spore. The upper part has a thicker wall and 
shows several vacuoles, the lower part to which the flagellum is attached, is thinner 
walled and the contents are homogeneous. A transverse line marks the abrupt 
separation of the two regions and is often mistaken for a septum. 

There was some difference in the size of asci, spores and flagella between the 
strain from Jamaica and the other strains. 

They further studied an authentic strain of Nematospora phaseoli which showed 
no cultural differences from the strains isolated in the Lesser Antilles. They 
considered N. phaseoli and N. lycopersici identical with N. coryli. 

According to them this organism is by far the most widely occurring agent of 
stigmatomicosis, an affection which is distributed by plant-feeding bugs in the 
West-Indies. 

GUILLIERMOND (1928) who studied one of AsHBy’s strains neither observed a 
conjugation. The asci are originally uninucleate. The spores show a distinct septum. 
His description further runs equal to the above mentioned. 

In 1930 DastuR and Srneu described a Nematospora isolated from diseased cotton 
bolls collected at Nagpur (India) which was named Nematospora nagpuri. Their 
description is similar to that of the other Nematospora species. Also Dastur 
mentions that the spores are septate. 

STELLING—DEKKER (1931) studied strains of N. coryli, N. phaseoli and N. nagpuri. 
Only the last strain was an authentic one. In all three strains she observed asci 
with 8 spores, spindle-shaped with a non-motile flagellum, arranged in two bundles 
of 4. Nitrate was not assimilated. 

The cells of N. coryli were oval to sausage-shaped or irregular in young malt 
extract cultures, an early ring was formed; the two other strains had short-oval to 
oval cells, they formed no ring or only after a long time. Mycelium was most 
abundantly produced by Nematospora coryli. 

N. coryli and N. phaseoli both fermented glucose, saccharose and maltose, but not 
galactose and lactose. 

N.nagpuri fermented glucose, galactose and saccharose but not maltose and lactose. 

On account of these differences she maintained the three species. 


y Standard description of Nematospora coryli 


Growth in malt extract: After 3 days at 25° C. cells are 
very variable. There are not only many differences in shape and size of 
the cells between the strains, but also in each strain. Three groups are 
distinguished : 

I Most strains have cells varying from short-oval to long-oval, 
(4—9) x (6—19,5) w, single, in pairs, but also frequently in chains. 
Occasionally mycelium or pseudomycelium is formed. Giant cells 
may be present. 

II Few strains have oval to elongate cells but they are more slender 

than those of group I, (3—5,5) x (7—14) wu. Mycelium or pseudo- 
mycelium is also present. 
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III Other strains have round or almost round cells, adhering to each 
other in little groups, (5—8) x (5—11) w (Fig. 109). 

There are many transitions from one group to the other. 

There is not much growth after 3 days; a sediment may be formed. 

After one month at 17° C. . 
there is a sediment and only the 
strains belonging to group II have 
formed a broken ring. 

Growth on malt agar: 
After 3 days at 25° C. the vari- 
ability is still greater than in the 
malt extract cultures. It was not 
possible to classify them in groups. 
The cells are almost round to 
wide oval or slender and elongate; 
pseudomycelium and mycelium 
are usually formed, also giant 
cells and all kinds of irregularly 
shaped cells. There is little sense in giving dimensions: they may vary 
from (4—7,5) x (5—17) w or from (2,5—8) xX (6—17) pu. 

After one month at 17° C. the streak culture is greyish to cream- 
colored, rarely smooth, usually wrinkled to folded all over the surface; 
the border is usually fringed with mycelium. The cultures may be more 
or less tough. 

Slide cultures: A true, scarcely septate mycelium is formed; 
besides to a greater or lesser extent a pseudomycelium, and yeast cells 
attached. to mycelium or pseudomycelium are present. 

Sporulation!): Spores are fusiform with the apical end pointed 
and the lower end extended into a whip. A septum is not formed although 
it often seems so due to a difference in refrangibility of the contents of 
upper and lower part of the spore. The asci are very large, much larger 
than the vegetative cells. Usually there are 8 ascospores in two bundles 
of 4. The apices of the spores are directed near the two poles of the ascus, 
in each bundle to one pole, whereas the whips of the two groups are 
entangled together in the middle of the ascus (Fig. 110). 

The spores usually germinate by budding at the middle of the spore 
or by forming hyphae. 





Fie. 109 — N. coryli 
After 3 days in malt extract 


A e : : : ; 

) In 5 of the 10 strains studied spore formation could be observed, usually on 
malt agar, also on carrot or on GoropKOWA agar. Conjugation of cells or of spores 
was not observed. 
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Fermentation: Glucose + Maltose + (often weak) 
Galactose — Lactose — 
Saccharose ++ Raffinose + (very weak) 
(occasionally weak) 
Sugar assimilation: Glucose +- Maltose +- 
Galactose ? Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth or very 
weak growth. 
Splitting of arbutin: Absent. 





Fie. 110 — N. coryli 


Spores on Goropkowa agar after 3 days 


6 Discussion 


Although there were some differences between the strains studied in 
the size and shape of the cells in young malt extract cultures, it was so 
difficult to demarcate the different groups that it seemed not suitable 
to separate them on this ground. We, therefore, did not follow STELLING— 
DEKKER in accepting besides the species NV. coryli a species N. phaseoli, 
but we agree with AsHpy and Nowe tt that the two can be considered 
as identical. 

We could not confirm the differences found by STELLING—DEKKER in 
the fermentation of N. coryli and N. nagpuri. None of the strains studied 
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was able to ferment galactose; the assimilation of this sugar was 
questionable. 

Maltose was very weakly fermented by the strain of V. nagpuri, but 
since we found in our strains all transitions from normal fermentation to 
a very weak fermentation (3 strains showed normal fermentation, 3 weak 
fermentation, 4 very weak fermentation) and since all the strains readily 
assimilated maltose we could neither separate them on this basis. We, 
thus, neither accepted the species NV. nagpurv. 

We had not the opportunity to study a strain of N. lycopersici. It 
seems probable that SCHNEIDER’s strain has not been kept in culture, 
and it was, therefore, impossible for us to test its identity with N. coryli. 
Since, however, this identity seems very probable, we listed this name 
also among the synonyms of N. coryli but with a question mark. 


e Origin of the strains studied 


10 strains were studied. 

An authentic strain of N. coryli was obtained in 1932 from Prciion (Italy). 
It was isolated from diseased hazelnuts. 

In 1930 an authentic strain of N. nagpuri was received from Dastur (India). 
It was isolated from diseased cotton bolls. 

Three other strains isolated from diseased cotton bolls were obtained: one in 
1926 from AsHBy (England). It came from cotton bolls in St. Vincent (B.W.I.) 
and one in 1934 also from AsHBy. This strain was isolated in the Belgian Congo. 
The third strain came in 1932 from FrrzPaTRiIck (U.S.A.). 

In 1932 four strains were received from ASHBY, one isolated from a diseased 
tomato in Montserrat (B.W.I.), one from diseased orange fruits in Florida, a third 
from coffee beans in Tanganyika, the fourth was isolated in California from an 
unknown source. 


In 1930 a strain was obtained from Brown (London). Further details are 
unknown. 


All these strains caused disease in fruits. 


The authentic strain of N. coryli received from Prattion has been 
chosen as the type strain of this species. 


f. SUMMARY 


A diagnosis of the genus Nematospora has been given. 

The 10 strains studied were classified in one species: NV. coryli. 

Of the three species described by SteELLING—DEKKER N. phaseoli and 
N. nagpuri could be identified with N. coryli. The identity of a fourth 
species NV. lycopersici seemed probable but could not be tested. 

Nematospora coryli is the type species of this genus. 
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Genus 3. COCCIDIASCUS Chatton 


a. DIAGNOSIS OF THE GENUS AFTER CHATTON 


Cells are round or oblong, slightly curvated. Vegetative reproduction 


by budding. No mycelium formed. 
Ascus formation is preceded by isogamous conjugation. Asci are banana- 
shaped. Eight spores per ascus. Spores are fusiform and screwed in a helix. 


b. THE TYPE SPECIES OF THE GENUS 
The only described species in this genus, Coccidiascus legeri Chatton, 
is the type species. 


c. HISTORICAL SURVEY OF THE GENERIC NAME 


CHATTON (1913) created this name for a parasitic yeast which lived in 
the cells of the intestine of Drosophila funebris Fabr. 

His description of the genus and the species runs equal to the above 
given diagnosis. 

The species described by CHarron has not been cultivated and, as 
far as known, has not been studied by others. 
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§5. SUBFAMILY LIPOMYCETOIDEAE 


For the diagnosis of this subfamily cf. p. 56. 
A discussion of the only genus belonging to this subfamily follows. 


Genus 1. LIPOMYCES nov. gen. 


a. DIAGNOSIS OF THE GENUS 


Cells are round or oval, surrounded by a slimy capsule. In older cultures 
the cells usually include a large globule of fat. Vegetative reproduction 
by multilateral budding. No pseudomycelium is formed. A few elongate 
cells may occur. 

Asci are formed in the following way. The vegetative cells containing 
a large fat globule produce a sac-like protuberance which becomes the 
ascus. It has first a granular appearance. This granular substance is 
transformed into ascospores. The ascus usually remains attached to the 
mother cell which may also have formed vegetative buds. In some cases 
more than one ascus arises at the mother cell. The number of spores is 
variable, ranging from four up till sixteen or perhaps even more. The 
spores are smooth, oval. They have a light amber color. 

On various media the cultures have a slimy appearance. 

Ability to ferment sugars is completely lacking. 


b. THE TYPE SPECIES OF THE GENUS 


In the newly established genus we have chosen Lipomyces starkeyi 
nov. spec. to be the type species. 


c. HISTORICAL SURVEY OF THE GENERIC NAME 


SrarKEY discovered in fat forming yeasts, isolated from soil, very 
remarkable phenomena which he described in 1946 as ascus- and spore 
formation. According to him the strains he studied take a separate place 
among the sporogenous yeasts. They might be classified under the family 
Endomycetaceae, subfamily Saccharomycetoideae and tribe Saccharomy- 
ceteae, but could not be classified in one of the genera belonging to this 
tribe or in any other genus. 

In chapter IV on p. 57 we have explained that the formation of the 
ascus—as a sac-like protuberance of the cell—and the number of asco- 
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spores in the ascus—4-16 or perhaps even more—are phenomena not found 
in any other yeast and may cause some doubt concerning the nature of 
these spores: sexual spores or vegetative spores. We refer the reader to 
the mentioned page for the discussion of the arguments which never- 
theless induced us to consider these yeasts as ascosporogenous yeasts. 

Concerning the classification of these yeasts in a separate genus we 
are of the same opinion as STaRKEY and, therefore, created a new genus 
for them. Since apart from the way in which asci and spores are formed, 
the yeasts belonging to this genus are all characterized by an abundant 
production of fat, we propose the name Lipomyces for this genus. 

We, moreover, think that the genus Lipomyces by its unusual ascus- 
and spore formation can be clearly distinguished from the existing 
subfamilies of the sporogenous yeasts and consequently we have classified 
it in the Endomycetaceae in a separate subfamily, the Lipomycetoideae. 

STARKEY further pointed out that except for spore formation his strains 
are in many respects similar to some of the asporogenous yeasts belonging 
to the genus Torulopsis. This certainly holds good for those species 
formerly belonging to the genus Torulopsis but now gathered in the genus 
Cryptococcus. Our efforts to obtain spores in the Cryptococcus strains on 
the media prescribed for the Lipomyces strains failed utterly. Further 
“starch” formation which is one of the main properties of the genus Crypto- 
coccus as emended by us, could not be found in the Lipomyces strains 
studied +), 


d. SURVEY OF THE SPECIES ACCEPTED IN THE GENUS 


The genus Lipomyces includes two species which follow in chronological 
sequence: 


1. Lipomyces lipoferus (den Dooren de Jong) nov. comb. 1927 
2. Lnpomyces starkeyi nov. spec. 


e. KEY TO THE SPECIES OF THE GENUS LIPOMYOES 


la Lactose is assimilated; cells oval on young malt agar 
cultures 
Li SUER ORI CoS iss rua) ae Re Pp. 335 
b Lactose is not assimilated; cells almost round on young 
malt agar cultures 
LS Pes, PRE ee p. 338 


1 ‘ . : 
) Recently, however, in the “C.B.S.” “starch” production was found in an- 
other Lipomyces strain. 





Lipomyces lipoferus 
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f. SYSTEMATIC DISCUSSION OF THE SPECIES 
1. LIPOMYCES LIPOFERUS (DEN DOOREN DE JONG) NOV. COMB. 
a Synonyms 
Torula lipofera den Dooren de J ong (1927) 


Torulopsis lipofera (den Dooren de Jong) Lodder (1934) 
Cryptococcus lipoferus (den Dooren de Jong) Skinner (1947) 


6 Original description and historical survey 


This yeast was repeatedly isolated in Holland by Den DoorEen DE Jona from 
soil. He described it in 1927 as follows: 

On soil-extract agar with maltose cells are ellipsoidal to round, containing 
a large glistening fat globule. According to the photograph they measure (8 —10) x 
(8—10,6) «. The cell wall is surrounded by a slimy substance. Often the outside 
membrane gets loose from the cell wall. The growth is very slimy. 

On young malt agar cultures small, unimpressive cells without fat are 
formed, measuring according to the photograph (4,5—7) x (6,5—9) Mh 

After 6 days fat formation starts and after 14 days the yeast has the usual 
appearance. 

In liquid media the growth is poor. Aeration is necessary. 

Sporulation: No spores are formed. 

Fermentation: Absent. 

Sugar assimilation: Glucose + Maltose + 

Galactose + Lactose — 
Saccharose + 

Assimilation of potassium nitrate: Absent. 

On media with little nitrogen and much carbohydrate fat production is stimulated. 
Because of its prominent ability to form fat DEN DoorEN DE JonG@ named this 
yeast Torula lipofera. 

LoppErR (1934) who studied an authentic strain found the assimilation of lactose 
to be positive. She, neither, observed sporulation and classified this yeast in the 
genus Torulopsis; SKINNER (1947) brought it into the genus Cryptococcus. 


y Standard description of Lipomyces lipoferus 

Growth in malt extract: After 3 days at 25° C. cells are 
round to short-oval, (4,8—8) x (5—9) uw, single or in pairs (Fig. 111). 
There is not much growth. 

After one month at 17° C. a thin ring and a sediment are formed. 

The cells are surrounded by a capsule') of slime; this is obvious 
especially in old cultures on various media. The dimensions given are 
those of the cells without capsule. 

On various media but especially on nitrogen-poor media with much 
carbohydrate, such as potato agar, the cells contain large fat globules. 


1) “Starch” is produced neither in the capsule nor in the medium in the 


strain studied. 


o- * 


Lipomyces lipoferus oh 


-_.) 
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Growth on malt agar: After 3 days at 25° C. cells are oval, 


(3,2—5) x (5,7—9,3) mw, single or 
in pairs. Q 
©) 


After one month at 17° C. the C) 
streak culture is white to light Lo (39) 5 
cream-colored, smooth, glistening, e ©) 
very mucous. 


Slide cultures: No pseudo- 


mycelium is formed. a, 
Sporulation!): Vegetative ot 


cells usually containing a large 
fat globule form one or more 
sac-like protuberances filled with 
a granular substance which is 
transformed into ascospores. Usually about 8 ascospores are formed, 
occasionally up to 10 or less. The spores are smooth, oval and have 
a light amber color (Fig. 112). Abundantly sporulating cultures get a light 
reddish-brown tinge due to the color of the spores. 
Fermentation: Absent. 
Sugar assimilation?): Glucose + Maltose + 
Galactose + Lactose + 
Saccharose + 





Fie. 111 — L. lipoferus 
After 10 days in malt extract 





Fic. 112 — L. lipoferus 
Spores on ethanol medium after 3 weeks 


*) The only strain studied formed spores on STARKEY’s nitrogen-deficient medium 
with ethanol as C source and occasionally on the V8 medium. Like ascospores of 
other yeasts they readily stain with malachite green (cf, chapter IT). 

On sporulating media often cells were observed which had shed the outer membrane 
of the wall, which still partly adhered to the remaining cell wall. 

*) The assimilation tests were performed in the liquid synthetic media according 
to WicKERHAM. The auxanographic method gave no clear results, ‘ 
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Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth, 
Splitting of arbutin: Positive. 


6 Discussion 


The standard description is in accordance with the original des- 
cription. In agreement with LoppEeR we found the assimilation of 
lactose to be positive. 

STARKEY (1946) pointed out the similarity between the strains he 
studied and Torulopsis lipofera. This induced us to study the spore- 
forming ability in the latter species on the media recommended by 
STARKEY, with good results. 


é Origin of the strains studied 


Only 1 strain was studied. 
It was received in 1924 from DEN DoorEN DE Jona (Holland) who isolated it 
in Holland from soil. 


2. LIPOMYCES STARKEYI NOV. SPEC. 


6 Original dscription and historical survey 


STARKEY isolated this organism from various soils. He did not name it but gave 
the following description (STARKEY 1946): 

In liquid media poor growth appears. A sediment is formed but no pellicle. 
Growth is increased by aeration. 

On nitrogen-deficient carbohydrate medium the cells are round with 
a diameter of 8—9,5 uw. One strain (No. 74) produces larger cells, 9,8 —10,5 uw. The 
cells are nearly filled with large refractive fat globules. The cell material has a watery 
consistency and tends to settle to the base of the slant. 

On malt agar or on 2 per cent glucose agar with 0,1 per cent 
ammonium sulfate or asparagine the cells are low in fat content. First they 
are spherical, later they show variation. They are elongate and swollen and vary 
greatly in size. The cells frequently shed their outer membranes. 

Mycelium production: In old cultures on agar media containing rhamnose, 
glycerol or mannitol a rudimentary pseudomycelium is formed consisting of short, 
distorted hyphal projections from the round cells, some of them are branched. 

Sporulation: On nitrogen-deficient agar media in which rhamnose, lactose, 
ethanol or glycerol is substituted for glucose as well as on the vegetable infusion 
agar of Mrak, Puarr and Dovetas spores are formed. The vegetative cells con- 
taining a large fat globule first form normal buds, but after some weeks buds shaped 
like a sac and containing granular material are produced. In a few more days this 
material becomes transformed into ascospores. The ascus remains attached to the 
parent cell and additional vegetative buds are frequently seen attached to it. In 
some cases the parent cell bears more than one ascus. Spores are never formed in 





22 


Lipomyces starkeyi 
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the parent cell. Some strains produce 4 spores, others 8. One strain (No. 74) 
produces a still larger number of spores, 16 or more. It is often difficult to determine 
the exact number of spores. It varies with the composition of the medium. The 
spores are smooth and oval, they measure (2,5 —3,3) x (3,6—4,6) « with an average 
of 3 x 4,3 yu. They have a light amber color. 

Fermentation: Absent. 

Sugar assimilation: Glucose + Maltose + 

Galactose + Lactose — 
Saccharose + 

Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: Growth. 

Growth and lipid production are good in aerated glucose solutions containing 
a small amount of yeast extract as the nitrogen source. Under favorable conditions 
10—14 per cent of the glucose consumed was recovered as lipid. 

STARKEY regarded this yeast as a new species which could not be included in 
any of the known yeast genera. 


y Standard description of Lipomyces starkeyi 

Growth in malt extract: After 3 days at 25° C. cells are 
round to short-oval, (4—7) x (5—9) w, single or in pairs (Fig. 113). There 
is not much growth. 


_ After one month at 17° C. a white EN 
ring and a sediment are formed; © \/ 
some islets may be present. 7 

The cells are surrounded by a 
capsule!) of slime which has es- 
pecially well developed in old cultures 


on various media. The dimensions 
given are those of the cells without 


ae ath media but especially 


on nitrogen-poor media with much 
carbohydrate, such as potato agar, 
the cells contain large globules of fat. 
Growth on malt agar: After 3 days at 25° C. cells are round 
to short-oval, (4—6,5) x (5—8) w, single or in pairs. 
After one month at 17° C. the streak culture is white to light cream- 
colored, smooth, glistening, very mucous. 
Slide cultures: No pseudomycelium is formed. 
Sporulation2): Sporulation proceeds in the same way as in 








Fie. 113 — L. starkeyi 
After 3 days in malt extract 


1 “a : nes 2 . . . ° e 
) “Starch” is produced neither in the capsule nor in the medium in the 
strains studied. 


) The 4 strains studied all formed spores ; some on all media tested: V8 medium, 


: Lipomyces starkeyi 


a 
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Lipomyces lipoferus. 4 spores, 8 spores and often more, up to 16, or 
perhaps still more are formed. It is often difficult to count the spores. 
They are smooth, oval and light amber colored (Fig. 114). 





Fie. 114 — L. starkeyi 
Spores on ethanol medium after 17 days 


Fermentation: Absent. 

Sugar assimilation!): Glucose + Maltose + 
Galactose -+ Lactose — 
Saccharose + 

Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: Growth, which is 

often weak. 
Splitting of arbutin: Positive, often weak. 


6 Discussion 
The standard description is in good agreement with the description 
given by STARKEY. 


potato, potato agar, nitrogen-deficient medium with ethanol as C source, others 
preferably on the last mentioned medium. Two strains formed only 4 spores per 
ascus, the other strains up to 16 or perhaps even more. Germination of the spores 
was not observed. They stain with malachite green. On sporulation media cells 
which had shed the outer membrane of the cell wall were often observed. 

1) Since the auxanographic method gave no good results in the assimilation 
tests, the method after WickmRHAM in liquid synthetic media was used. 
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Two strains form no more than 4 spores. Since in all other respects 
they are identical with the two other strains, and since STARKEY found 
that the number of the spores may vary with the composition of the 
medium used, a separation of these strains from the others seems not 
justified. 

We propose to name this species Lipomyces starkeyt in honor of 
Dr R. L. Starkey who discovered the characteristic ascus- and spore 
formation in this yeast. 


e Origin of the strains studied 


4 strains were studied. 

Three strains were received from STARKEY (U.S.A.) in 1946. They were isolated 
from various soils. They were numbered: 72, 74a and 74b. 

The fourth strain was received in 1951 from HarmsEeNn who isolated it from 
Canadian soil. 


Strain 74a from SraRKEY has been chosen as the type strain of this 
species. 


g. SUMMARY 


A new genus, Lipomyces, was created for yeast strains which show an 
ascus- and spore formation different from all other sporogenous yeasts. 
Under favorable conditions these yeasts are all able to produce large 
quantities of lipid, hence the name Lipomyces was chosen. 

A diagnosis of the new genus has been given. 

The 5 strains studied were classified in 2 species. For one species, 
already described but not named by Starkey, the name Lipomyces 
starkeyi was proposed. The second species, L. lipoferus, had been formerly 
classified in the genus Torulopsis. 

A key to the species has been given. 

Lipomyces starkeyi has been chosen as the type species of the genus. 
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CHAPTER VI 
DISCUSSION OF THE GENERA SPOROBOLOMYCES AND BULLERA 


§1. KEY TO THE GENERA SPOROBOLOMYCES AND BULLERA 


la Spores are asymmetrical, kidney-shaped or sickle- 
shaped; color of the cultures is red to salmon-pink 
Sporobolomyces . . . . he Men puedes 
b Spores are symmetrical, road or eae ales of the cul- 
tures is pallid, pale Sao cream-colored to yellowish 
Bullerae 4 Vase eee oY. eG 
In the following paragraph the genera a 8 lon es and Bullera will 
be discussed. 
At the end of each genus a summary and a list of references has been 
given. 


§2. THE GENERA SPOROBOLOMYCES AND BULLERA 
Genus 1. SPOROBOLOMYCES Kluyver et van Niel 


a. DIAGNOSIS OF THE GENUS 


Red or salmon-pink organisms with oval, elongate to hyphal cells. 
True mycelium and pseudomycelium may be present. Vegetative repro- 
duction mainly by budding. 

On part of the vegetative cells typical kidney-shaped or sickle- shaped 
spores (ballistospores) develop in an oblique position to the well-formed 
aerial sterigmata. When ripe these spores are discharged into the air by 
means of a peculiar mechanism: a drop of liquid is excreted at the hilum 
of the spore, increases in size and is discharged with the spore within a 
few seconds. Under favorable conditions these spores either germinate 
and form normal yeast cells or form again aerial sterigmata at which 
spores develop. 

In liquid media principally surface growth. 

The metabolism is strictly oxidative. 


b. THE TYPE SPECIES OF THE GENUS 
Sporobolomyces roseus Kluyver et van Niel has been designated by 
Derx (1948) to be the type species of the genus. 
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c. HISTORICAL SURVEY OF THE GENERIC NAME 


KLuYVER and van NIE (1924—’25) studied several yeast strains in 
which they detected the capacity for producing the so-called mirror 
images on the cover of inverted plates. Though this phenomenon had 
been reported before, the said authors were the first to observe that the 
kidney-shaped or sickle-shaped conidium formed on a pedicel was 
discharged by the drop-excretion mechanism characteristic for the 
basidiospores of the Hymenomycetes. They suggested the generic name 
Sporobolomyces for the yeast-like organisms characterized by this 
mechanism. 

GUILLIERMOND (1927a,b) and BuLuER (1933) observed that one 
sterigma often produces more spores. This happens almost simultaneously 
according to GUILLIERMOND, whereas BULLER believes that the spores 
are formed in succession. They further found that the sterigmata some- 
times are ramose (bifurcated), that one yeast cell could form more than 
one sterigma, that the cells are uninucleate throughout and that there is 
no karyogamy. 

CIFERRI and REDAELLI (1929) subdivided the genus Sporobolomyces 
into two subgenera: Hu-Sporobolomyces and Blastoderma. The former 
subgenus is characterized by the absence, the latter by the formation of a 
pseudomycelium. This subdivision was maintained by CIFERRI and 
VERONA (1938—’39). 

In the species accepted by us several were unable to form a pseudo- 
mycelium, one could form a rather well-developed pseudomycelium and 
two could form both a pseudo- and a true mycelium. We used the latter 
property in separating these species. 

It seems to us, however, absolutely unnecessary and rather difficult to 
use this property as a basis for a subdivision into two subgenera. Moreover, 
the name Blastoderma seems to us very unsuitable to designate Sporobo- 
lomyces species. FiscHER and BREBECK (1894) clearly stated that they 
suggested the generic name Blastoderma for all pellicle (‘““Kahmhaut’’) 
forming yeasts except those which show an “endogenic cell-formation”’. 
Only because they could not well classify their salmonicolor strain, they 
provisionally brought it into the genus Blastoderma. 


d. SURVEY OF THE SPECIES ACCEPTED IN THE GENUS 


The genus Sporobolomyces includes seven species which follow in 
chronological sequence: 


1. Sporobolomyces salmonicolor (Fischer et Brebeck) Kluyver et 
van Niel 1894 
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Sporobolomyces roseus Kluyver et van Niel 1924—’25 
Sporobolomyces odorus Derx 1930 

Sporobolomyces gracilis Derx 1930 

Sporobolomyces albo-rubescens Derx 1930 
Sporobolomyces pararoseus Olson et Hammer 1937 
Sporobolomyces holsaticus Windisch 1949. 


KEY TO THE SPECIES OF THE GENUS SPOROBOLOMYCES 


la Nitrate utilized 
b Nitrate not utilized 


2a Glucose and saccharose assimilated; galactose is weakly or 


not assimilated 


b Glucose, saccharose and maltose assimilated; galactose 


weakly or not assimilated 


3a True mycelium produced 


ROT COLT Bees ete we 2k De, EO 
b No true mycelium produced 
rhe eee teyt necro nia fos Withee DOOD 
4a True mycelium produced 
Sp. holsaticus . . . . ee eee sO OL 
b No true mycelium eskteai 
Sf prose ee pre ate We pes Lue Sep db0 
5a Besides glucose only galactose is sometimes weakly 
assimilated 
Sp. gracilis. . . VFR ee hot ha) 8) 
b Glucose, galactose ivealyy per echarons and maltose 
assimilated 
6a Cells oval, small, (3—5) x (6—11) u 
Sp. pararoseus .. . eae pesos 
b Cells long-oval to ng iindst6all) lange, (4—7) x (11—20) wu 
Sp. albo-rubescens . . . . bed a ae ea eee! 


SYSTEMATIC DISCUSSION OF THE VARIOUS SPECIES 


Sp. salmonicolor 


343 


(6) 


1. SPOROBOLOMYCES SALMONICOLOR (FISCHER ET BREBECK) 


KLUYVER ET VAN NIEL 


Synonyms 


Blastoderma salmonicolor Fischer et Brebeck (1894) 
Pseudomonilia rubicundula Okunuki (1931) 


Sporobolomyces rubicundulus (Okunuki) 


Verona et Ciferri (1938) 


Sp. salmonicolor 
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6 Original description and historical survey 


FiscHER and BrREBECK (1894) +) described an organism isolated from sea water 
south of the Azores. Not knowing where to place it in the existing system, they 
named it provisionally Blastoderma salmonicolor. Parts of the description are cited 
here: ; 

In liquid media: On the surface a greyish-white, thin, shiny film develops 
within a few days, changing later on into a salmon-colored, thick, tough, heavily 
wrinkled pellicle with a powdery appearance. It consists of oval to ellipsoidal budding 
cells, single or in little chains, and of long, cylindrical cells of more or less irregular 
shape, which may form long mycelial threads, which, when composed of more cells, 
are occasionally branched. 

On malt gelatin: Typical offshoots on the cells are observed, bearing at the 
end pear-, plum-, or kidney-shaped bodies. The stems with the bodies stick out of 
the medium into the air. These protruding elements are formed on the short cells 
as well as on the longer cells. 

The streak culture is salmon-colored, wrinkled. After some time a dry and powdery 
appearance develops. 

No fermentation occurs. 

FISCHER and BREBECK regarded the kidney-shaped bodies on the stems as conidia. 
They observed namely, that in the immediate neighborhood of the colonies secondary 
colonies appeared, arising from dropped cells. 

Scurmon (1911, Wit 1912) studied a red yeast designated as “‘Type 3” and isolated 
from an infection on a gelatin culture. He considered it to be closely related to 
Blastoderma salmonicolor. 

KLUYVER and van NIEt ( 1924 —’25) brought the species described by FIscHER 
and BREBECK into the new genus Sporobolomyces as Sp. salmonicolor. 

Two strains belonging to this species were isolated by the former authors from 
Torula cultures sent from Japan by Sarro, in which cultures they occurred as 
contaminants. They are described in the following way: 

Growth on malt agar: After 48 hours cells are ellipsoidal, (2,5 —5) x (7 —12)p. 
In older cultures occur long, mycelial cells, of a length up to 20 fu. When the culture 
obtains a powdery appearance, kidney-shaped cells are present. They may have one 
or more germ tubes. Besides, cells with a small protuberance bearing at the end a 
kidney-shaped cell may be found. 

Mirror images of the colonies are obtained on the covers of inverted plates. They 
consist of kidney-shaped cells, measuring 4,4 x 7,6 w. 

The streak culture is salmon-colored and powdery. One of the strains is dull and 
wrinkled, the other one shiny and very mucilaginous. 

Growth in malt extract: Good development of a pellicle, which turns salmon- 
colored after some time. 


Sugar assimilation: Glucose - Maltose — 
Saccharose ++ Lactose — 
Nitrogen assimilation: Peptone + Ammonium sulfate + 
Asparagine + Potassium nitrate + 


Ethanol as sole source of carbon: Good growth. 





1) A critical review of their publication is given by Linpavu (1895), while Scumron 
(1911, Wirt 1912) cited at length the part involved here. 
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No ascospore-formation could be detected. 

DERX (1930) studied, besides the two strains described by KLuyvVER and van Nizrt, 
two new strains, one isolated from the skin of an orange with black smut spots and 
the other from the leaf of an Aristolochia species in a tropical hothouse of the 
Botanical Garden at Delft. 

The morphological and physiological properties noticed by him agree entirely 
with the above description. He added in the description the maximum temperature 
36,5° C. and the optimum temperature 30° C. 

DERX recognized two modifications in the Sporobolomyces strains he studied. 
A newly isolated strain usually consists entirely of budding cells, the culture may 
be very mucilaginous and the production of spores is not very strong. A non- 
mucilaginous form can be obtained from it. The colonies are then dull and wrinkled. 
Pseudomycelial cells occur and many spores are formed. Hardly any or no production 
of mucous. 

The mucilaginous or primitive form may change spontaneously or may be changed 
artificially into the non-mucilaginous form. The latter procedure is possible by 
transferring spores only or by selecting the wrinkled colonies from the plated pellicle. 
Occasionally the transformation becomes irreversible. This appears to have taken 
place in the cultures of Sp. salmonicolor studied by KiuyvER and van Nrev. DERxX 
found them to be both non-mucilaginous, whereas one of them used to be mucil- 
aginous. 


DeRx (1930) regarded Saccharomyces japonicus Yabe (1897) according to GuUIL- 
LIERMOND’s description (1912) as a possible synonym of Sp. salmonicolor. 

OKUNUEI (1931) gave a description of a red yeast isolated from the air in Tokyo, 
which he named Pseudomonilia rubicundula. He observed the formation of mirror 
images and secondary colonies, and attributed this to dropping cells formed at the 
end of aerial mycelium. LopprER (1934) recognized in the culture sent by OKUNUKI 
to the “C.B.S.” in 1932 the kidney-shaped spores typical of Sporobolomyces. 'The 
discharging mechanism, however, had disappeared; mirror images were no longer 


formed. 
Verona and Crrerri (1938) named OKUNUK!’s strain, obtained from the “C.B.S.”’, 


Sporobolomyces rubicundulus. 


y Standard description of Sporobolomyces salmonicolor 


Growth in malt extract: After 3 days at 25° C. cells are 
oval, long-oval to elongate, (3—6) x (9—15) m, single or in pairs; mycelial 
hyphae and cells bearing sterigmata and spores may occur (Fig. 115). 
The liquid becomes turbid and besides a ring is beginning to develop; 


some islets are occasionally formed. . 
After one month at 17° C. a sediment and a thick, wrinkled, rose to 


salmon-colored, dull, powdery pellicle are formed. 
Growth on malt agar: After 3 days at 25° C. cells are oval, 


long-oval to elongate, (3,5—6) x (9—15) m, single or in pairs; mycelial 


hyphae and spores may occur. 
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After one month at 17° C. the streak culture is pink to salmon-colored, 
powdery, tough, raised and wrinkled. 





Fie. 115 — Sp. salmonicolor 


After 3 days in malt extract 


Slide cultures: True mycelium is formed. The tips of the filaments 
may bear spores (Fig. 116). Occasionally trees of elongate cells occur. 
Sporulation: Spores are developed and discharged; occasionally 
the discharging mechanism may be lacking. The spores are kidney- 
shaped (Fig. 117). 
Fermentation: Absent. 
Sugar assimilation: Glucose + Maltose — 
Galactose weakly + or — Lactose — 
Saccharose + 
Assimilation of potassium nitrate: Positive. 
Kthanol as sole source of carbon: No growth. 
Splitting of arbutin: Absent. 


6 Discussion 


The results of our experiments on the various strains of Sp. salmonicolor 
present in the collection of the “C.B.8.” agree very well with the descript- 
ions given of this species. 
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The strain Sp. rubicundulus shows slight deviations from the descriptions 
by OKUNUKI (1931) and by Verona and CrrerRRi (1938), wz. in the 
“ assimilation of maltose and 
ethanol. This, however, may 
ene be due to a difference in the 
ae method used. The failing of 
the spore discharging me- 
chanism in this strain has 
been mentioned before. It is 
obvious, that the character- 
istics of Sp. rubicundulus 
agree quite well with the de- 
scription of Sp. salmonicolor. 
We, therefore, consider Sp. 
rubicundulus a synonym of 
Sp. salmonicolor. 

Among the strains studied 
one was received from WInN- 
DISCH in 1941, labeled Rhodo- 
myces kochii. This species was 
described by Von WETTSTEIN 
in 1885, who isolated it from 
human sputum. This author 
gave the following diagnosis: 

Colorless mycelium  con- 
sisting of occasionally septate 


| 








Fia. 116 — Sp. salmonicolor 
1000 x Fic. 117 — Sp. salmonicolor 


Slide culture, potato agar Spores 


hyphae; the cells measure (6—16) x (20—60) y. Conidiophores rise from 
the medium; they are rose-colored to yellowish-red, branched and com- 
posed of round to short- cylindrical cells. Conidia in chains dissociate like 


oidia and form a powdery mass. They measure 6—15 wu. 
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From the description and the accompanying pictures it is not clear 
whether the spores are kidney-shaped, while the production of mirror 
images is not mentioned at all. 

Later descriptions recorded by Dopa@e (1935), viz. by SaccaRDo (1892) 
as Monilia kochii, and by Basaat (1931) as Candida kochii give no 
evidence as to the identity of this species with Sporobolomyces. 

WINDISCH’ strain, however, showed these characteristics which are 
typical of Sporobolomyces. On the other hand the oidium-like splitting 
of the mycelium could not be observed. 

The identity of this strain with Rh. kochii is, therefore, most uncertain. 


é Origin of the strains studied 


8 strains were studied. 

Two of them are the strains A and F described by Kituyver and Van NIet. 
They were isolated from contaminated cultures sent by Sarto from Japan in 1923; 
strain A from a culture of Torula flavescens, strain F from a culture of Torula alba. 
The “C.B.S.” obtained these Sporobolomyces cultures in 1923 from Van NIEL 
(Holland). 

Two strains were isolated by Derx, one from the skin of an orange spotted with 
smut, and one from the leaf of an Aristolochia species in a tropical hothouse, both 
at Delft. They were received from DEerRx (Holland) in 1929. 

Two strains were isolated by OLson and HAMMER (1937) from the air in a dairy 
plant. Hammer (U.S.A.) sent them to the “C.B.S.” in 1935. 

The strain Sp. rubicundulus was obtained from OKUNUKI (Tokyo) in 1932 as 
Pseudomonilia rubicundula. It was isolated from the air in Tokyo. 

The last strain came in 1941 from WrnpIscH (Germany), mislabeled Rhodomyces 
kochii. 


The strain A of Ktuyver and Van Nigx has been chosen as the type 
strain of this species. 


2. SPOROBOLOMYCES ROSEUS KLUYVER ET VAN NIEL 


a Synonyms 

Sporobolomyces tenuis Kluyver et van Niel (1924 —’25) 

Torula photographa nom. nud. 

Sporobolomyces photographus Cif. et Red. (1925) 

Amphiernia rubra Griiss (1926 a, b) 

Sporobolomyces salmoneus Derx (1930) 

Sporobolomyces salmonicolor (Fischer et Brebeck) Kluyver et van Niel var. 
salmoneus (Derx) Verona et Ciferri (1938) 

Sporobolomyces salmoneus Derx var. albus Derx (1930) 

Sporobolomyces salmonicolor (Fischer et Brebeck) Kluyver et van Niel var. 

albus (Derx) Verona et Ciferri (1938) 
Sporobolomyces pollaccii Verona et Ciferri (1938) 
Cryptococcus pulverulentus nom. nud, 





Sp. roseus 


Cu. VI, § 2] THE GENERA SPOROBOLOMYCES AND BULLERA 349 


6 Original description and historical survey 


KLUYVER and Van Niet (1924—’25) described two strains which they named 
Sp. roseus, One of the strains was isolated by Be1sERINCK from an unknown source 
and named Cryptococcus pulverulentus, but not described by him. The second strain 
was isolated by Brourcx from the sediment of a bottle of Maidstone beer. BIoURGE 
named it Torula photographa but gave no description. JANSSENS and MERTENS 
(1903) studying this strain indicated it as Torula “rose’? No. 36. The description 
of Kiuyver and Van NIet runs as follows: 

Growth on malt agar: The young cells are ellipsoidal, 4,2 « 12,6 bw. In 
older cultures long, hyphal cells may occur. Besides, kidney-shaped cells are present. 
The culture is deep red. 

Growth in malt extract: No pellicle, only a ring is formed. 

Sporulation: Mirror images are produced. The spores measure 4,2 < 10,6 mu. 


Sugar assimilation: Glucose + Maltose + 
Saccharose ++ Lactose — 
Nitrogen assimilation: Peptone + Ammonium sulfate + 
Asparagine + Potassium nitrate + 


Ethanol as sole source of carbon: Very weak or no growth. 


The following synonyms will be briefly discussed here. 

A second species described by the above mentioned authors in 1924 —’25 is Sporo- 
bolomyces tenuis. This species too was based on two strains. One of them was isolated 
by BrtERINcK from potato plants and also named Cryptococcus pulverulentus ; 
the second one was obtained from ScHOUTEN (1917) and isolated from the air, 

The differences between Sp. roseus and Sp. tenuis are chiefly morphological. In 
the first instance the spores of Sp. tenuis are somewhat more slender and shorter 
than those of Sp. roseus. Moreover, Sp. tenuis only gives a ring in liquid media, 
whereas Sp. roseus forms’a pellicle. 

The name Torula photographa, given by BriourGE to a certain strain mentioned 
above, though not described by him, was considered a valuable synonym by 
CrIFERRI and REDAELLI (1925, 1929), so they named the species Sporobolomyces 
photographus (Biourge) Cif. et Red. 

Griss (1926 a, b) described as Amphiernia rubra an organism which he isolated 
from the nectar in some Linaria species. According to this description Amphiernia 
rubra is a red yeast with ovoid to ellipsoidal cells, 7,5 x (8 —12,5) u, which, besides 
buds, may form slender tubes up to 20 w long. At the end of these tubes cells 
develop. Gritss compared these cells, which are set free, with the conidia in 
Nectria. 

DeErx (1930) considered this species identical with Sp. tenuis. The same author 
found hardly any difference between the shape and size of the spores of Sp. roseus 
and Sp. tenuis. He emphasized the diversity in surface growth on liquid media 
between the species. Several of his isolations showed, however, transitions between 
ring and pellicle formation. 

As pointed out on p. 345 DERx separated in each strain a mucilaginous from a 
non-mucilaginous modification. The non-mucilaginous forms of Sp. roseuws and 
Sp. tenuis are very well separable according to the author. 

Sp. salmoneus was described by DeRx (1930) as a new species, isolated from 


etiolated grass under a plank at Delft. It was salmon-colored. The vegetative cells 
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measure (2,8—3,5) x (7—8,5) mw, the spores 3,7 x 8 uw. A pellicle is formed on 
liquid media. The culture has a disagreeable, ammoniacal odor. 

The main differences between this species and the others are its optimum 
temperature of 27° C. and its maximum temperature of 31,5° C. 


Sugar assimilation: Glucose + Maltose + 
Saccharose + . Lactose — 
Nitrogen assimilation: Peptone + Ammonium sulfate + 
Asparagine + Potassium nitrate + 


Ethanol as sole source of carbon: Growth. 

VERONA and CIFERRI (1938, CIFERRI and Verona 1938 —’39) brought this species 
as a variety salmoneus to Sp. salmonicolor. 

DERx (1930) obtained on one of his plates of Sp. salmoneus a white colony, which 
appeared to have all the characteristics of Sp. salmoneus, but its color. He considered 
it a mutation. It appeared to be stable. DerRx classified it as a variety albus of Sp. 
salmoneus. VERONA and CIFERRI (1938, CrrERRI and VERONA 1938 —’39) added it 
to Sp. salmonicolor as a variety albus. 

VERONA and CirerRrr (1938) gave a description of a new species: Sp. pollaccii, 
isolated by Potuaccr from the human mucous membranes. 


y Standard description of Sporobolomyces roseus =) 


Growth in malt extract: After 3 days at 25° C. or 5 days 
at 17° C. cells are oval to long-oval, (3—5) x (8—14) uw, single or in 
pairs (Fig. 118). Elongate cells and 
spore-forming cells may occur. A loose 
sediment and occasionally a ring and 
a thin pellicle are formed. 

After one month at 17° C. a sedi- 
ment, a broad ring and a more or less 
thick, dull, sometimes wrinkled pellicle 
are formed. 

Growth on malt agar: 
After 3 days at 25° C. or 5 days at 
17° C. cells are oval to long-oval, 
(3,5—5) x (8,5—14) yu, single or in 
pairs. Hyphal cells and spores may 
be present. 

After one month at 17° C. the streak culture is bright red to orange-red, 
soft, often wrinkled, occasionally mucous 2), 

Slide cultures: No true mycelium is formed. The sterigmata 





Fie. 118 — Sp. roseus 
After 5 days in malt extract 





1 aH *. - 
) Since part of the strains studied hardly grows at 25° C., but gives a better 
development at 17° C., the experiments for these strains were performed at 17° C 
2 - . . ; : 
) In one strain, the mutant strain of Dmerx, the color is yellowish-white. 
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may be very long and hyphae-like. Pseudomycelium consisting of trees 


; of elongate cells may occur. 

& Sporulation: § 

is n: Spores are developed 
re Y and haath occasionally the discharging 

mechanism may be lacking. The spores are 
Cf ws kidney-shaped (Fig. 119). % i 
ES Fermentation: Absent. 

Sugar assimilation: 

Glucose + Maltose ++ 

Galactose + (weak) Lactose — 

Saccharose ++ 

Assimilation of potassium nitrate: Positive. 

Ethanol as sole source of carbon: Growth may or may 


not occur. 
Splitting of arbutin: Variable. 


A 





Fic. 119 — Sp. roseus 
Spores 


6 Discussion 


The strains of Sp. roseus, Sp. tenuis and Sp. salmoneus studied correspond 
rather well to their original descriptions. 

Oxtson and HamMMER (1937) pointed out that, since the characteristic 
indicated to distinguish Sp. roseus from Sp. tenuis, viz. the formation of 
a pellicle, is apparently not stable, this cannot be used to distinguish the 
species. Therefore, Sp. tenuis should be identified with Sp. roseus. We 
follow Otson and Hammer in this respect and discard Sp. tenuis. 

The difference between Sp. salmoneus and Sp. roseus lies besides in 
the somewhat smaller size of the cells and the peculiar odor, mainly in 
the optimum temperature. Since the latter property might be variable, 
we will not give it a species separating quality and see no objections 
to identify Sp. salmoneus with Sp. roseus. 

We cannot agree with Derx’ classification of his mutant strain as a 
variety. We consider this strain as belonging to the species. 

Verona and Cirerri neglected the difference in maltose assimilation, 
when they combined Sp. salmonicolor and Sp. salmoneus to one 
species. 

The priority given to the specific name photogra phus by CIFERRI and 
REDAELLI (1929) is not considered valid by us, since BrourGeE did not 
describe the species Torula photographa but only labeled a strain with 
this name. 

The new species Sp. pollaccii described by VERONA and CIFERRI 
appeared to be identical with Sp. roseus. The strain of this species 
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sent by CIFERRI, was in good agreement with its original description, 
except for the assimilation of maltose, which we found to be positive. 


e Origin of the strains studied 


20 strains were studied. 

Seven strains were described as Sp. roseus. Two of them are the strains B and E 
of Kruyver and VAN Niet; B isolated by BrtyeRINcK and named Cryptococcus 
pulverulentus, E obtained from Brourcr (Belgium) in 1924, isolated from the 
sediment in a bottle of Maidstone beer. 

Five strains of Sp. roseus were isolated by Otson and Hammer (1937) from the 
air in a dairy plant. They were sent to the “C.B.S.” by Hammer (U.S.A.) in 1935. 

One strain was obtained from Griss (Germany) in 1926 as Amphiernia rubra; 
it was isolated from nectar in Linaria species. 

Two strains were described as Sp. tenuis, viz. the strains C and D of Ktuyver 
and Van Niev. Strain C, named Cryptococcus pulverulentus, was isolated by 
BEIJERINCK from potato plants. Strain D was obtained from ScHourEN (Holland) 
in 1924; it was isolated from the air. 

The strains Sp. salmoneus and Sp. salmoneus var. albus were received from 
Derx (Holland) in 1929. He isolated the first strain from etiolated grass under a 
plank at Delft, the latter strain from a single white colony of the former strain 
grown on an agar plate. He considered it to be a mutant. 

A strain mislabeled Torulopsis somala came from VERONA (Italy) in 1935 
(VERONA 1935). 

The strain Sp. pollaccii was obtained from PoLiacct (Italy) in 1933. It came 
from the mucous membranes of a man. 

A strain mislabeled Sp. shibatanus was received from REDAELLI (Italy) in 1939. 
It was isolated from the air in a wood pulp factory and described by Gorpanicn, 
CrrerRI and REDAELLI (1939—’40). In contradistinction to this description the 
assimilation of nitrate appeared to be positive, which separates it definitely from 
the species Sp. shibatanus. 

Of the remaining five strains one was obtained from DERxX, one from Griss in 
1931, isolated from nectar in Linaria vulgaris and mislabeled Anthomyces ruber. 

One strain was isolated from a contamination in a culture of Hormidium flaccidum 
in 1934, 

One strain was obtained from ScHoEN (Paris) in 1934 as Torula “rouge’’, LEDERER 
(1934) used it in his experiments on carotenoid pigments. 

Another strain employed for this purpose by Fink and ZENGER (1934) was 
obtained in 1935 from the ‘“‘Wiss. Station f. Brauerei”’ (Germany), labeled “Rosa 
Hefe”’, 


One of the strains is of human origin. 


The strain B of Sp. roseus described by Kivyver and Van Niet has 
been chosen as the type of the species. 


3. SPOROBOLOMYCES ODORUS DERX 
a Synonyms 


Sporobolomyces photographus Cif. et Red. var. odorus (Derx) Verona et Ciferri (1938) 


Sp. 
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6 Original description and historical survey 


Derx described this organism in 1930. It was isolated from orange leaves infected 
with smut in the environs of Nice (France). DeERx placed this species in the group 
Sp. roseus- Sp. tenuis. It is distinguishable by the typical odor, a more or less aromatic 
musty smell. The description runs as follows: 

Growth on malt agar: The vegetative cells measure (3—4) x (7—9) w. The 
culture is very mucilaginous. A non-mucilaginous form has not been cultivated. 

Sporulation: The spores are stout, the size is 4 x 7 um. 

Sugar assimilation: Glucose + Maltose + 

Saccharose + 
Nitrogen assimilation: Peptone + 
Asparagine + (weak) 
Ammonium sulfate + (weak) 

Ethanol as sole source of carbon: No growth. 

The maximum temperature is 27° C, 

Verona and Crrerri (1938, Crrerri and Verona 1938 —’39) regarded this species 
as a variety of Sp. photographus (Biourge) Cif. et Red. 1). It differs from the latter 
species in the odor and the color of the streak culture. 


y Standard description of Sporobolomyces odorus = 

Growth in malt extract: After 5 days at 17° C. cells are 
oval, (3—4) x (6—7,5) mw, single or in pairs (Fig. 120). Hardly any growth 
is visible. 


~ 


S> wv f 
OS 
Fic. 120 — Sp. odorus YN 


After 5 days in Fig. 121 — Sp. odorus 
malt extract Spores 





After one month at 17° C. a sediment and a wrinkled, powdery 


pellicle are formed. 
Growth on malt agar: After 5 days at 17° C. cells are oval, 


~ ~ = < M4 ; i Lk ah a a d Le 
(3,5—5) x (7—9) ys, single or in pairs. The culture has a typical aromatic odo 


. gs | 
i 1 id sy T Y ‘ 7 ERRI 
1) Sp. photographus 1s a non-valid synonym of Sp. roseus given by CIFER 


and REeDAELLI (1925, 1929). bree. . sah 
2) Since the strain studied hardly grows at 25° C., the experiments were 
performed at 17° C., at which temperature growth was much better. 


23 


odorus 
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After one month at 17° C. the streak culture is yellow-brown, soft, 
rather flat, shiny, wrinkled in the middle. 

Slide cultures: No mycelium or pseudomycelium is formed. 

Sporulation: Spores are developed and discharged. They are 
kidney-shaped (Fig. 121). . 

Fermentation: Absent. 


Sugar assimilation: Glucose + Maltose — 
Galactose — 
or very weakly + 
Saccharose + Lactose — 


Assimilation of potassium nitrate: Positive. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Positive. 


6 Discussion 


Our observations are in good agreement with the original description 
except for the assimilation of maltose. The auxanographic method, as 
applied by Derx, did not give us a positive result, nor did the test 
performed in liquid media. 

The close relationship to Sp. roseus mentioned by DERx and by 
Verona and Crrerrr is obvious. The smaller size of the cells together 
with some additional characteristics make it, however, possible to maintain 
Sp. odorus as a separate species. 


é Origin of the strains studied 


1 strain was studied. 
It was received from DrErx (Holland) in 1929 and isolated from orange leaves 
infected with smut in the environs of Nice (France). 


4. SPOROBOLOMYCES GRACILIS DERX 


6 Original description and historical survey 


DERX (1930) isolated this organism twice, viz. from a leaf infected with smut at 
Delft (Holland), and from a decaying leaf at Pau (France). He remarked that the 
species is very different from other species and gave the following description: 

Growth on malt agar: Slow development. The vegetative cells are ovoid 
or, more often, cylindrical, of regular shape, (2,5—3) x (5—6) mw. 

The culture has a beautiful, intensive cinnabar color and is not or hardly 
mucilaginous, but pasty. 

Growth in liquid media: A sediment and after a longer time a more or 
less distinct ring are formed; a pellicle never occurs. 

Sporulation: Very scanty. It takes place under special circumstances. Spores 





Sp. gracilis 
Cu. VI, §2] THE GENERA SPOROBOLOM YCES AND BULLERA 355 


o 


a — after el culture is transferred to a fresh medium; the formation stops 
shortly afterwards. The spores ar t - 7 sy i 
tee int) Pp e elongate, pear shaped, nearly symmetrical, 
Sugar assimilation: Glucose + Maltose + 
Saccharose + 
Nitrogen assimilation: Peptone + 
Asparagine + (very weak) 
Inorganic N compounds — 
Ethanol as sole source of carbon: No growth. 
Room temperature is optimal, the maximum temperature 29,5° C. 


y Standard description of Sporobolomyces gracilis }) 


Growth in malt extract: After 5 days at 17° C. cells are 
long-oval to cylindrical, (3—4) x (8,5—15) u, single (Fig. 122). The 
growth is very slight. 





Fic. 122 — Sp. gracilis 
After 5 days in malt extract 


After one month at 17° C. a sediment and fragments of a ring are 
formed. 

Growth on malt agar: After 5 days at 17° C. cells are long- 
oval to cylindrical, (3—4) x (8—12) yw, single; slow development. 

After one month at 17° C. the streak culture is cinnabar-red, smooth, 
somewhat raised, soft and shiny. 

Slide cultures: No mycelium or pseudomycelium is formed. 

Sporulation?): According to DERx spores are formed and 
discharged. They are elongate or pear-shaped, nearly symmetrical. 

Fermentation: Absent. 


1) Since the strain studied hardly grows at 25° C. ,the experiments were performed 
at 17° C. 
2) In the strain studied no spores were observed. Neither was there an indication 


of sterigmata. 


Sp. albo-rubescens 
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Sugar assimilation: Glucose + Maltose — 
Galactose — Lactose — 
or weakly + 
Saccharose — 


Assimilation of potassitm nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Absent. 


6 Discussion 

Though the strain studied was an authentic strain obtained from 
Derx, our observations diverge in some respects from the original 
description. 

First of all the sporulation appeared to be completely lost. Since this 
phenomenon was rather poor when DErx observed it, this does not seem 
so strange. 

The cells were found to be somewhat longer. 

Finally, we did not succeed, with the usual auxanographic method, in 
obtaining a positive auxanogram for saccharose and maltose, though 
Drrx applied the same method. Neither with the test in liquid medium 
positive results could be obtained. 

Notwithstanding these differences, the agreement in the other properties 
mentioned, especially the conspicuous appearance of the malt agar 
culture, leaves no doubt as to the identity of this strain with Sp. gracilis. 


e Origin of the strains studied 


Only 1 strain was studied. 

It is one of the two strains isolated by Derx (Holland) from leaves at Pau 
(France) or at Delft (Holland), which one is not known. It was received from 
DeERx in 1929. 


‘5. SPOROBOLOMYCES ALBO-RUBESCENS DERX 


a Synonyms 


Sporobolomyces photographus Cif. et Red. var. albo-rubescens (Derx) Verona et 
Ciferri (1938) 


6 Original description and historical survey 


DERX (1930) isolated this species from leaves infected with smut at Sospel near 
Nice (France). He placed it in the group Sp. roseus-Sp. tenuis and gave the following 
description : } 
. Growth on malt agar: The vegetative cells measure 3 x 7 uw. The culture 
18 very slightly mucilaginous, pasty, pale pink in the beginning, with a violet tinge 
added later on. The non-mucilaginous form is hardly distinguishable from the 
primitive (mucilaginous) form. 
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Sporulation: The size of the spores is 4 x (9—11) yu. 
Sugar assimilation: Glucose + Maltose +- 
Saccharose + Lactose — 
Nitrogen assimilation: Peptone + Asparagine — 
Inorganic N compounds — 

Ethanol as sole source of carbon: No growth. 

The maximum temperature is 27° C. 

VERONA and CIFERRI (1938, CrreRRI and VERONA 1938 —’39) placed this organism 
as a variety albo-rubescens to the species Sporobolomyces photographus (Biourge) 
Cif. et Red.1), The variety was distinguished from the species by the somewhat 
smaller cells, by the nitrogen assimilation (peptone only), and by the color of the 
streak culture. In their key to the species of the genus Sporobolomyces the authors 
mentioned, however, for this variety that the assimilation of nitrate is positive. 


y Standard description of Sporobolomyces albo-rubescens *) 


Growth in malt extract: After 6 days at 17° C. cells are 
long-oval to cylindrical, (4—7) x (11—20) y, single or in pairs (Fig. 128). 
A very thin sediment and an 
incomplete ring are formed. The 
growth is rather slow. 

After one month at 17° C. 
a thin sediment, a ring and 
a thin mucous pellicle are pre- 
sent. 

Growth on malt agar: 
After 5 days at 17° C. cells 
are long-oval to cylindrical, 
(3,5—5,5) X (13—20) 4y, single 
or in pairs. 

After one month at 17° C. the 
streak culture is yellowish-brown 

Fie. 123 — Sp. albo-rubescens rite pink tinge, soft, rather 
a or GE Sal a ei calead flat and smooth, dull-shining. 

Slide cultures: No mycelium or pseudomycelium is formed. 

Sporulation’): According to DERX spores are formed and 
discharged. They are kidney-shaped. 

Fermentation: Absent. 


alid synonym of Sp. roseus given by CIFERRI 





1) Sp. photographus is a non-v 
and REDAELLI (1925, 1929). 

2) Since the strain studied hardly grows at 25° C., the experiments were 
performed at 17° C. 


2) In the strain studied no spores were observed; several cells, however, formed 


sterigmata. 


Sp. pararoseus 
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Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Absent. 


6 Discussion 

The strain studied, which was received from DERX, appears to have 
lost its spore-forming faculty. The sterigmata observed might indicate 
that spores used to be formed. 

But for a considerable difference in the size of the cells according to 
DERX in comparison with our results, the observations are in good 
agreement with the original description. The authenticity of the strain 
is, therefore, not doubted. 

Though Derrx placed this species in the group Sp. roseus-Sp. tenuis, 
he pointed out the different appearance of the streak cultures and stressed 
that the physiological properties diverged from those of the latter species. 
These differences induced us to maintain Sp. albo-rubescens as a separate 
species. 

VERONA and CIFERRI (1938, CrreRRI and VERONA 1938—’39), however, 
discarded this difference in physiological characteristics. In their key to 
the genus Sporobolomyces the assimilation of nitrate, with a preference 
for organic nitrogen compounds, and the inability to assimilate ethanol, 
lead to the variety albo-rubescens of Sp. photographus. 

The inability to use inorganic nitrogen compounds stated by Derx, 
corresponding with our finding, i.e. that potassium nitrate is not 
assimilated, makes this classification inacceptable. 

A better agreement exists between Sp. albo-rubescens and S p. pararoseus. 
The larger cells of the former species together with some cultural 
characteristics make it, however, easy to separate it from Sp. pararoseus. 


é Origin of the strains studied 
Only 1 strain was studied. 


It was obtained from Derx (Holland) in 1929 and isolated from leaves at Sospel 
near Nice (France), 


6. SPOROBOLOMYCES PARAROSEUS OLSON ET HAMMER 


a Synonyms 
Torula shibatana Okunuki (1931) 
Sporobolomyces shibatanus (Okunuki) Verona et Ciferri (1938) 





Sp. pararoseus 


Cx. VI, §2] THE GENERA SPOROBOLOMYCES AND BULLERA 359 


6 Original description and historical survey 


Otson and Hammer (1937) isolated three strains of this organism from the air 
in a dairy plant. An important part of their original description is given here: 

On malt agar: The vegetative cells are oval, (2,5—4) x (5—8) uw, single or 
with one bud attached. The colonies are round, smooth, raised, entire and muci- 
laginous. Later the surface develops concentric furrows and becomes dull and 
slightly powdery. The color is light coral red. 

In liquid media: The medium becomes turbid, then clears, leaving a heavy 
sediment. A ring pellicle develops within eight days. 

Sporulation: The discharged spores are reniform and narrowed where attached 
to the sterigmata; they measure (2—4) x (5,5—8,5) mu. 

Formation of ascospores could not be demonstrated. 


Sugar assimilation: Glucose + Maltose + 
Galactose + (weak) Lactose — 
Saccharose + 
Nitrogen assimilation:: Peptone + Ammonium sulfate +- 
Asparagine + Potassium nitrate — 


Ethanol as sole source of carbon: Weak growth. 

The optimum temperature is about 27° C., the maximum temperature about 
34° C. 

The authors stated that the difference from the other Sporobolomyces species 
studied lies principally in the optimum growth temperature and in the inability 
to use potassium nitrate. The organism shows most resemblance to Sp. roseus. 


OKUNUEI (1931) described two strains isolated from soil in the Koishikawa 
Botanical Garden at Tokyo as Torula shibatana. LoppER (1934) studying one of 
the strains received from OKUNUKI in 1932, found that it could produce the typical 
reniform spores on sterigmata. VERONA and CIFERRI (1938, VERONA and CIFERRI 
1938 —’39) studied the same strain, which they obtained from the “C.B.S.”’, and 
named it Sporobolomyces shibatanus. 


y Standard description of Sporobolomyces pararoseus 


Growth in malt extract: After 3 days at 25° C. cells are 
oval, (3—5) x (6—11) yw, a few long-oval up to 20 yw, single or in pairs 
(Fig. 124). A loose sediment, a thin ring and occasionally a fragile pellicle 
are formed. 

After one month at 17° C. a sediment, a ring and a more or less thick, 
sometimes wrinkled, pale red pellicle are formed. 

Growth on malt agar: After 3 days at 25° C. cells are oval, 
(3—5) x (7—11) yp, single or in pairs. | 

After one month at 17° C. the streak culture is light coral red, slightly 
powdery, finely wrinkled. 

Slide cultures: No mycelium or pseudomycelium is formed. 

Sporulation: Spores are developed and discharged. They are 


kidney-shaped (Fig. 125). 


Sp. pararoseus 
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Fermentation: Absent. 

Sugar assimilation: Glucose + Maltose + 
Galactose + (weak) Lactose — 
Saccharose + 

Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: Weak growth. 

Splitting of arbutin: Weakly positive. 





Fic. 124 — Sp. pararoseus Fie. 125 — Sp. pararoseus 
After 3 days in malt extract Spores 


6 Discussion 


The results obtained in studying two of the authentic strains of OLSON 
and HAMMER are in good agreement with the original description. The 
somewhat larger size of the cells found may be considered of minor im- 
portance. 

VeRoNA and CIFERRI were probably unaware of OLSON and HaMMER’s 
publication (1937) on the new species Sp. pararoseus, when they described 
Sp. shibatanus (1938). There appear to be no objections to identify the 
latter species with Sp. pararoseus. 


é Origin of the strains studied 


3 strains were studied. 

Two of them, both isolated from the air in a dairy plant, were received from 
HAMMER (U.S.A.) in 1935. They were marked No. 13 and No. 15. 

One strain was obtained from OKUNUKI (Tokyo) in 1932 as Torula shibatana. 
It was isolated from soil in the Koishikawa Botanical Garden at Tokyo }), 





1 f 4 1 : Y * 

) A strain mislabeled Sp. shibatanus was sent by REDAELLI (Italy) in 1939. 
It was described by Gorpantcn, CrrerRt and REDAELLI (1939 —’40). The properties 
of the strain differed markedly from the species. It appeared to be identical with 
Sp. roseus. 





Sp. holsaticus 
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One of the strains from Hammgr, viz. No. 13, has been chosen as the 
type strain of this species. 


7. SPOROBOLOMYCES HOLSATICUS WINDISCH 


6 Original description and historical survey 


WInDIscu isolated from food yeast a yeast culture which gave mirror images. 
He named it Sporobolomyces holsaticus and gave in 1949 the following description: 

Growth on malt agar: Long-oval budding cells; besides pseudomycelium and 
seldom true mycelium occur. 


Growth in malt extract: A wrinkled pellicle is formed, white at first, red 
later on. 


Sporulation: The spores or conidia are non-symmetrical, convex with truncated 
ends. 

Fermentation: Absent. 

Sugar assimilation: Only monoses (glucose, fructose, mannose and xylose) 
are assimilated. 

In a personal communication WrnpiscH stated in 1950 that also saccharose and 
maltose can be assimilated. 

Assimilation of nitrate: Positive. 


y Standard description of Sporobolomyces holsaticus 


Growth in malt extract: After 3 days at 25° C. cells are oval 
to elongate, (3—5) x (8—12) u, 
single or in pairs; many hyphal 
threads occur (Fig. 126). A 
sediment and a dull, wrinkled 
pellicle are formed. 

After one month at 17° C. a 
sediment and a heavy wrinkled, 
salmon-colored, dull, powdery 
pellicle are formed. 

Growth on malt agar: 
After 3 days at 25° C. cells are 
oval or elongate, (3,5—5,6) x 
(7—12) w; many mycelial cells 
are longer. Spores may be 
present. 

After one month at 17° C. 
the streak culture is salmon- 
colored, powdery, tough and 





Fic. 126 — Sp. holsaticus 
After 3 days in malt extract wrinkled. 


Sp. holsaticus 
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Slide! cultures: True mycelium is formed. The ends of the 
filaments may bear spores (Fig. 127). 





Fic. 127 — Sp. holsaticus 
1000 x 
Slide culture, potato agar 


Sporulation: Spores are developed and discharged. They are 
kidney-shaped (Fig. 128). . 


Fermentation: Absent. 


Sp. holsaticus 
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Sugar assimilation: Glucose + Maltose + 
Galactose — Lactose — 
Saccharose ++ 

Waxemitation of potassium nitrate: Positive. 

Ethanol as sole source of carbon: Weak growth. 

Splitting of arbutin: Weakly positive. 





Fic. 128 — Sp. holsaticus 
Spores 


6 Discussion 


This species bears great resemblance to Sp. salmonicolor. It differs from 
it in that maltose can be utilized. 


e Origin of the strains studied 


1 strain was studied. 
It was obtained from WrinpiscH (Germany) in 1949, who isolated it from food 
yeast. 


g. SUMMARY 


The diagnosis of the genus Sporobolomyces has been given. 

After 35 strains belonging to this genus had been studied, they were 
classified in seven species. All had been described before. 

Of the three species described by Ktuyver and Van NIEL two have 
been maintained, viz. Sp. salmonicolor and Sp. roseus. The third one, 
Sp. tenuis, is considered identical with Sp. roseus. 

Derx described four new species in this genus, of which three are 
accepted, viz. Sp. albo-rubescens, Sp. gracilis and Sp. odorus. The fourth 
species Sp. salmoneus is identified with Sp. roseus. The variety albus of 
Sp. salmoneus based on a mutant strain of the last mentioned species is 
not accepted. Also the mutant strain is included in Sp. roseus. 

The species Sp. pararoseus was described by Otson and HamMER; the 
species holsaticus by WINDISCH. 
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Of the species created by VeRonA and CriFrERRI Sp. shibatanus was 
identified with Sp. pararoseus, Sp. pollaccit with Sp. roseus. 

A key to the species has been given. 

Sp. roseus is the type species of this genus. 
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Genus 2. BULLERA Derx 


a. DIAGNOSIS OF THE GENUS 


Colorless, pallid, pale yellow, cream-colored to yellowish organisms 
with round to oval cells. No mycelium or pseudomycelium is formed. 

They reproduce both by budding and by forming typical symmetrical, 
round to oval spores which develop in an oblique position to the well- 
formed aerial sterigmata. These spores, when ripe, are discharged into 
the air by means of a peculiar mechanism: a drop of liquid is excreted at 
the hilum of the spore, increases in size and is discharged with the spore 
within a few seconds (ballistospores). 

In liquid media principally surface growth. 

The metabolism is strictly oxidative. 


b. THE TYPE SPECIES OF THE GENUS 


Bullera alba (Hanna) Derx has been designated by DERx (1948) to be 
the type species of the genus. 


c. HISTORICAL SURVEY OF THE GENERIC NAME 

Hanna (in Bispy, BuLLeR and Drarness 1929) described a colorless to 
pale yellow organism in the genus Sporobolomyces, which he named 
Sp. albus. 

DeRx (1930) studying the same organism found the spores to be 
symmetrical in contrast to the asymmetrical, laterally dented, kidney- 
shaped spores of the Sporobolomyces species. He isolated a related species 
which showed besides the whitish color of the culture the same sym- 
metrical shape of the spores. 

On account of this difference with Sporobolomyces DERx placed these 
species in a separate genus. He named it Bullera in honor of the late 
Dr A. H. R. Butter, who made an extensive study on sporulation in 
Basidiomycetes and especially on the presence of the spore discharging 


mechanism. 





d. SURVEY OF THE SPECIES ACCEPTED IN THE GENUS 

The genus Bullera includes two species which follow in chronological 
sequence: 

1. Bullera alba (Hanna) Derx 1929 

2. Bullera grandispora Derx 19309. 


Bullera alba 
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e. KEY TO THE SPECIES OF THE GENUS BULLERA 


la Cells round to oval, 5 x (3—7) mw, spores small, lemon- 
shaped 
B. alba: Gee 4 Se 6 9 ee 
b Cells oval to cylindrical, 5 x (10—14) w, spores large, 
lemon-shaped 
By, Grands pora sata) a0 5 te Re eee ee 


f. SYSTEMATIC DISCUSSION OF THE TWO SPECIES 
1. BULLERA ALBA (HANNA) DERX 


a Synonyms 
Sporobolomyces albus Hanna (in Bisby, Buller and Dearness 1929) 


6 Original description and historical survey 


A description of this species by Hanna is given in “The Fungi of Manitoba” 
by Bispy, BULLER and Drarnzss (1929). The organism could be isolated several 
times from rusted wheat and oat straw collected in the surroundings of the 
Manitoba Agricultural College (Canada). The description runs as follows: 

A yeast-like organism producing colonies white at first, then ereamy-white and 
finally sordid-yellowish when grown on nutrient agar. Multiplication chiefly by 
budding. Vegetative cells uninucleate, elliptical, (2,2—5,4) x (2,7 —10,8) wu, mean 
4,9 x 9,2 uw. 

Short aerial sterigmata are developed from cells at the surface of the colony, 
each bearing at its tip a uninucleate spore which at maturity is violently discharged 
into the air. Spores (4,3—4,8) x (4,3—6) uw, mean 4,5 x 5,5 La: 

Derx (1930) studying one of the strains obtained from Hanna subjoined to this 
description : 

The vegetative cells measure (2—2,5) x (4—5) mw, the spores 4,5—6 yp. This is 
somewhat smaller than the size given by Hanna. The spores are symmetrical, 
nearly globular, distinctly apiculate; they are different in shape from the spores 
of Sporobolomyces, which KiuuyverR and Van Nrew described as kidney-shaped or 
sickle-shaped. 

The maximum temperature is about 27° ©. 

DeErRx placed this species in his new genus Bullera. 

OLson and HamMeER (1937) isolated six strains from the air in a dairy plant, all 
of which could be identified with B. alba. 

They extended Hanna’s and Drrx’ descriptions with some physiological charac- 
teristics which are given here. 


Sugar assimilation: Glucose + Maltose + 
Galactose + (weak) Lactose + 
Saccharose + 
Nitrogen assimilation: Peptone + Asparagine + 
Ammonium sulfate + Potassium nitrate + 
(very weak) (very weak) 


Ethanol as sole source of carbon: No growth. 


Bullera alba 
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y Standard description of Bullera alba 

Growth in malt extract: After 3 days at 25° ©. cells are 
round to short-oval, (2—4,5) x (2,5—6,5) mw, single or in pairs (Fig. 129). 
Hardly any growth visible. 


After one month at 17° C. a sediment, a ring and a very thin, dull, 
slightly wrinkled pellicle are formed. 


The cells are surrounded by a capsule. Under appropriate conditions 
“starch” is formed in this capsule. 


00% O 
i Os 


Fic. 129 — B. alba Fic. 130 — B. alba 
After 3 days in malt extract Spores 








Growth on malt agar: After 3 days at 25° C. cells are round 
to short-oval, (2—5) x (83—7) mw, single or in pairs. 
After one month at 17° C. the streak culture is cream-colored to 
yellowish-brown, soft, mucous, shiny, occasionally with dull parts. 
Slide cultures: No mycelium or pseudomycelium is formed. 
Sporulation!): Spores are developed and discharged. They 
are symmetrical, lemon-shaped (Fig. 130). The sterigmata may be very 
long and hyphae-like. 
Fermentation: Absent. 
Sugar assimilation: Glucose + Maltose + 
Galactose +- Lactose + 
Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Absent. 


6 Discussion 
There is a good agreement between the results found in our experiments 
and the descriptions previously given of this species. 





1) One of the strains, viz. Hanna’s, has lost the spore-forming ability. 


Bullera grandispora 
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The lacking of the spore-forming ability in HANNAa’s strain may be 
due to degeneration. Since the other characteristics are in good agreement 
there seems to be no reason to doubt the authenticity of this strain. 

Otson and Hammer recorded a slight assimilation of nitrate, which 
we could not confirm. 


é Origin of the strains studied 

3 strains were studied. 

One was obtained from Hanna (Canada) as Sporobolomyces albus in 1929. It was 
isolated from rusted straw of Hordewm jubatum. 

The two other strains were received from HAMMER (U.S.A.) in 1935, marked 
No. 16 and No. 24. They were isolated from the air in a dairy plant. 


One of the strains obtained from Hammer, viz. No. 16, has been chosen 
as the type strain of the species. 


2. BULLERA GRANDISPORA DERX 


6 Original description and historical survey 

Derx (1930) isolated this organism from a chestnut leaf infected with mildew. 
He gave the following description: 

Growth on malt agar: The vegetative cells measure (4—5) x (12—14) A. 
The young culture is sordid white; later on it turns yellowish. It is pasty, smooth, 
slightly mucilaginous. The non-mucilaginous form is very similar and not very 
stable. 

Sporulation: The spores are symmetrical, without a lateral dent, apiculate, 
lemon-shaped, measuring 6 x (9,3—10) y. 

Sugar assimilation: Glucose + Maltose + 

Saccharose + Lactose — 

Nitrogen assimilation: Peptone + 

Asparagine + (very weak) 
Inorganic N compounds — 
Ethanol-.as sole source of carbon: No growth. 


Since the strain of B. grandispora, isolated and described by Drrx 


is no longer present in the collection of the “C.B.S.”, it could not be 
studied. 


g. SUMMARY 


The diagnosis of the genus Bullera has been given. 
Two species are recognized. 
Three strains were studied, all belonging to the species B. alba. 


The species B. grandispora could not be studied, since no strains were 
available. 
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A key to the species has been given. 
B. alba is the type species of the genus. 
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CHAPTER Vil 


DISCUSSION OF THE GENERA BELONGING TO THE 
CRY PTOCOCCACEAE 


§1. KEY TO THE GENERA OF THE CRYPTOCOCCACEAE 


la -Besides budding cells and pseudomycelium a true my- 
celium which breaks up into arthrospores 
Trichosporon .. . So ns Se 
b Budding cells, sy Peahirannelintin ana rie mycelium may 
be present, but no arthrospores 


2a Pseudomycelium usually well developed, besides true 
mycelium may be formed 

Candida ..... po we SEO 

b No true mycelium ; eennoniveniiaet radiant or absent 


3a Carotenoid pigments are manifest 
Rhodotorula. . . . . os ep et he ee a 
b No manifest carotenoid pigments 


4a Cells often lemon-shaped, bipolar adding 


Kloeckera. . . . May ag st « 
b Cells often triangular, anette fron angle 

Trigonopsis . . . pee 2 TOOL 
c¢ Cells bottle-shaped, ainpla buds’ on a ine base 

Pityrosporum .. . nr ke eusece 


d Cells “‘ogive’’-shaped; auras ped Ppnucaae on sugar 
containing media 
Bretanomiyces 9) 4 Sa ee p. 447 
e Cells round or oval 


5a ag Se formation together with the ability to form 
“starch”; dissimilation strictly oxidative 
Cryptococcus . . , : Bcc, Die ee 
b No “starch” formation, capaals only exoepiiatially formed ; 
dissimilation oxidative or besides oxidative also fermen- 
tative 
Torulopss .. <)) foe p. 399 


(3) 
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In the following 3 paragraphs the genera belonging to the subfamilies: 
Cryptococcoideae, Trichosporoideae and Rhodotoruloideae will be discussed. 


At the end of each genus a summary and a list of the literature 
mentioned has been given. 


§2. SUBFAMILY CRYPTOCOCCOIDEAE 


For the diagnosis of this subfamily cf. p. 68. 
A discussion of the 7 genera belonging to this subfamily follows. 


Genus 1. CRYPTOCOCCUS Kiitzing emend. Vuillemin 
a. DIAGNOSIS OF THE GENUS 


Cells round or oval, occasionally long-oval, ameboid or polymorph. 
Reproduction by multilateral budding. The cells are surrounded by a 
capsule. Under appropriate conditions a starch-like compound is formed 
both in the capsule and in the medium. Pseudomycelium absent or 
rudimentary. 

The cultures on solid media have a mucous appearance. 

In liquid media bottom growth and ring formation, occasionally a 
pellicle; often the entire contents of the flask have changed into a slimy 
mass. 

Ability to ferment sugars is completely lacking. 

Manifest red to yellow pigments of carotenoid nature are lacking. 


b. THE TYPE SPECIES OF THE GENUS 

Of the species accepted by VuILLEMIN (1901) in his genus Cryptococcus, 
Cryptococcus neoformans (Sanfelice) Vuillemin is the only species which 
has been maintained. It, therefore, is the type species. 


c. HISTORICAL SURVEY OF THE GENERIC NAME 


For a complete historical survey we can do no better than to refer the 
reader to SKINNER’s publication of 1950. 

The most prominent data are the following: 

Cryptococcus was created in 1833 by Kiirzine who described this genus 
rather vaguely: . 

“Globuli gonomici, minutissimi, solidi, mucosi, in stratum indefinitum 
aggregati’’. . 

Organisms belonging to very divergent groups (fungi, algae, but also 
yeasts) were included in this genus. 

VuiILtemMIn (1901) emended the genus and limited it to anascosporo- 
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The first species mentioned was a parasitic, non-fermenting yeast 
isolated by BussE (1894) which was later named Cr. hominis by VUILLEMIN 
(1901). It appeared to be identical with a yeast previously named Sacch. 
neoformans by SANFELICE (1895). 

Since VUILLEMIN’s emendation the name Cryptococcus has been widely 
used for parasitic yeasts only. 

ANDERSON (1917) and BENHAM (1935a, b) gave a wider definition to 
the genus since they included in it both parasitic and non-parasitic, 
fermenting and non-fermenting yeasts. The genus became more or less 
synonymous with Torulopsis but the name Cryptococcus was preferred 
because of priority over Torulopsis. 

LoppDER (1938—’39), on the other hand, considered Cryptococcus a 
“nomen dubium et confusum”’ and preferred the name Toruwlopsis. 

In 1949 Dr C. E. SKINNER through a personal communication drew our 
attention to the fact that the genus Cryptococcus or Torulopsis comprised 
a rather heterogeneous group of organisms and could be better divided 
into two genera: one, named Cryptococcus, should contain the non- 
fermenting species, whereas in T'orulopsis should be included the fermenting 
species. 

We fully agreed with SKINNER concerning the heterogenicity of the 
genus. Therefore, we felt inclined to a division of the genus into two 
groups. Besides T'orulopsis we could accept the generic name Cryptococcus 
in the sense which VUILLEMIN gave to it. We only slightly altered 
SKINNER’s proposal in combining for the genus Cryptococcus the absence 
of fermentative power with the presence of capsule formation together 
with the ability to form “‘starch’’. So we came to the diagnosis given above. 


d. SURVEY OF THE SPECIES ACCEPTED IN THE GENUS 


The genus Cryptococcus includes five species with three varieties which 
follow in chronological sequence: 


1. Cryptococcus neoformans (Sanfelice) Vuillemin 1894 
Cryptococcus neoformans (Sanfelice) Vuillemin var. uniguttulatus 
(Zach) nov. var. 
2. Cryptococcus laurentii (Kufferath) Skinner 1920 
Cryptococcus laurentii (Kufferath) Skinner var. flavescens (Saito) 
nov. var. 
Cryptococcus laurentii (Kufferath) Skinner var. magnus Nov. var. 
Cryptococcus albidus (Saito) Skinner 1922 
Cryptococcus luteolus (Saito) Skinner 1922 
Cryptococcus diffluens (Zach) nov. comb, 1934. 


RF 
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e. KEY TO THE SPECIES OF THE GENUS CRY PTOCOCCUS 
la Nitrate assimilated (2) 
b Nitrate not assimilated (3) 
2a Lactose assimilated 
ee en a day eo De ORT 
b Lactose not assimilated 
Crmede piers Eee Peas age eur ee aps. BOL 


3a Lactose assimilated 
Cre Murenivites wer. i ref. 85S Lee 88s 
Cr. laurentii var. flavescens 
Cr. laurentii var. magnus 
b Lactose not assimilated (4) 


4a Cells almost round, 3,5—8 wu 
Er eeOOLNUINe oo. ish 31) pra: Sees GO port 
Cr. neoformans var. uniguttulatus 

b Cells oval or long-oval, (3,5—6) x (6—11,5) u 
Re LE ONER tee Si Gee tle ay sre A Dag 


f. SYSTEMATIC DISCUSSION OF THE VARIOUS SPECIES 
1. CRYPTOCOCCUS NEOFORMANS (SANFELICE) VUILLEMIN 


One variety belongs to this species: 
Cryptococcus neoformans (Sanf.) Vuill. var. wniguttulatus (Zach) nov. var. 





a Synonyms of the species 


When it has not been possible to study authentic strains, it is often very difficult 
to decide whether or not a certain name of a yeast must be considered as a synonym 
of another name. This is especially difficult, indeed almost impossible, when the 
descriptions of the yeasts are very old and thus rather incomplete. Sometimes 
organisms have been considered to be identical merely because they had been 
isolated from similar sources. This, of course, is hardly a permissible assumption 
nd we will not recognize names as synonyms on this score only. 

A very long list of synonyms of Cryptococcus neoformans has been given by 
GrorpAaNno (1939). A critical survey of the literature pertaining to the names on 
this list revealed, however, that according to the original literature, some of them 
cannot be considered synonyms of Cryptococcus neoformans. For instance, 2 cabbage 
of pseudomycelium or mycelium formation was recorded and the sa iceeeear 
sugar fermentation was noted in some cases; these are characteristics air oxy 
rith Cryptococcus neoformans. Consequently we have omitted such names from 


yur list of synonyms. 
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Here follows the list of synonyms: 


Saccharomyces neoformans Sanfelice (1895 a, b) 

Torula neoformans (Sanf.) Weiss (1902) 

Blastomyces neoformans (Sanf.) Arzt (1924) 1) 

Torulopsis neoformans (Sanf.) Redaelli (1931) 

Debaryomyces neoformans (Sanf.) Red., Cif. et Giordano (1937) 

Saccharomyces lithogenes Sanfelice (1895 b) 

Cryptococcus lithogenes (Sanf.) Vuillemin (1901) 

Blastomyces lithogenes (Sanf.) Sasakawa (1922) 

Torulopsis lithogenes (Sanf.) de Almeida (1933) 

Cryptococcus hominis Vuillemin (1901) 

Atelosaccharomyces hominis (Vuill.) Verdun (1912) 

Torulopsis hominis (Vuill.) Redaelli (1931) 

Debaryomyces hominis (Vuill.) Todd et Herrmann (1936) 

Saccharomyces homiius Costantin (1901) 

Cryptococcus costantini Froilano de Mello et Gonzaga Fernandes (1918) 
Torulopsis costantini (Froilano de Mello et Gonzaga Fernandes) de Almeida (1933) 
Saccharomyces plimmeri Costantin (1901) 

Torula plimmeri (Costantin) Weiss (1902) 

Cryptococcus plimmeri (Costantin) Neveu-Lemaire (1912) 

Torulopsis plimmeri (Costantin) de Almeida (1933) 

Torula klein Weiss (1902) 

Cryptococcus kleini (Weiss) Cohn (1904 apud Guéguen) 

Atelosaccharomyces busse-buschki de Beurmann et Gougerot (1909) 

? Saccharomyces blanchardi Guiart (1910) 

Atelosaccharomyces brewert Verdun (1912) 

Cryptococcus breweri (Verdun) Castellani et Chalmers (1913) 

Saccharomyces breweri (Verdun) Neveu-Lemaire (1921) 

Torulopsis breweri (Verdun) de Almeida (1933) 

Torula histolytica Stoddard et Cutler (1916) 

Torulopsis histolytica (Stoddard et Cutler) Castellani et Jacono (1933) 
Cryptococcus cerebriloculosus Freeman et Weidman (1923) 

Torula nasalis Harrison (1928) 

Cryptococcus nasalis (Harrison) C. W. Dodge (1935) 

Cryptococcus hondurianus Castellani (1933, Cast. and Jacono 1933) 
Cryptococcus hominis Vuill. var. hondurianus Castellani (1933, Cast. and Jacono 1933) 
Torulopsis hominis (Vuill.) Red. var. honduriana Castellani (1933, Cast. and Jacono 
Cryptococcus psicrophylicus Niiio (1934) [1933) 
Torulopsis neoformans (Sanf.) Red. var. sheppet Giordano (1935) 

Cryptococcus meningitidis C. W. Dodge (1935) 


aa Synonyms of the variety 


Eutorulopsis uniguttulata Zach (Wolfram und Zach 1934) 


1) Although this combination is often found in literature, it was not ArzT who 


gave this name to the organism he described. Probably BENEDEK who sent ARTz’s 
strain to the “C.B.S.” labeled it in this way. 
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6 Original description and historical survey of the species ‘) 


This organism which is highly pathogenic for men and animals has evoked a 
great deal of interest. Many cases of disease which led to the isolation of the 
organism were reported (cf. DE MinseR 1941) and, as appears from the long list of 
Synonyms, many unwarranted names have been given to it. 

It would take us too far afield to give a complete historical survey of Cryptococcus 
neoformans. We will confine ourselves to the more important facts. 

This organism was described for the first time in 1894 in Germany by BussE 
(1894, 1895). He discovered it in a subperiostal lesion of the tibia of a woman. 
He succeeded in isolating the organism and in cultivating it in different media. He 
also transferred parts of the diseased tissue into animals. The organism seemed to 
multiply and new lesions appeared. BussE knew the organism to be a yeast, but 
he did not name it. Later he referred to it as a Saccharomyces species. It was 
VUILLEMIN (1901) who named it Cryptococcus hominis. In the literature the name 
Atelosaccharomyces busse-buschki given to this organism by DE BrEuRMANN and 
GOUGEROT (1909) is also common. 

The second description also dates from 1894 and comes from Italy. SANFELICE 
(1894, 1895 a, b) isolated the organism from fermenting fruit juices. He named 
it Saccharomyces neoformans, because he considered it as a possible cause of tumors. 
It was his opinion that the organism was closely related to the one described by 
Busse. He gave the following description: 

Growth in liquid media: Often development of a pellicle. The liquid becomes 
slightly turbid. The cells are round to oval. Older cells have a double contour. 

Growth on agar: The growth is white, dense, with regular border. 

In 1901 Vur~tEemtin classified it in the genus Cryptococcus as Cr. neoformans, 


SANFELICE (1895 b) also described Sacch. lithogenes, isolated from the lymphatic 
ganglia of an ox which died of generalized carcinoma. This organism differs from 
Sacch. neoformans chiefly in the reaction which it causes in the animal tissue. 

PuimMER (1899) found this organism in cases of human cancer. His strain was 
designated as Saccharomyces plimmeri by CosTaNnTIN (1901). Kier (1901) isolated 
the organism from milk (Torula klein Weiss 1902). This isolation and the one from 
fruit juices by SANFELICE are, as far as is known to us, the only cases mentioned in 
literature in which the organism was not directly isolated from men or from animals’). 

Also in 1901 it was isolated from a tumor of the breast by CosTantin (1901). 
He too named it Cryptococcus hominis which name was changed into Cryptococcus 
costantini by FRoiLANo DE MeELiLo and GonzaGA FERNANDES (1918). 

According to Dopce (1935) BLancHARD, SCHWARTZ and Brnot (1903) isolated 
from a gelatinous mass which was taken from the peritoneum a yeast, designated 
Saccharomyces species. Gutart (1910) should have named it Sacch. blanchardi. 
According to the description as cited by Dopce this yeast fits well into the species 
Cr. neoformans, but for the formation of asci with 8 ascospores. We, therefore, 
mentioned it with a question mark among the synonyms of Cr. neoformans. 

1) Cf. also Lopper and De Minger (1947). 

2) Ina recent publication Emmons (1951) claims to have isolated four strains of 
Or. neoformans from soil. In the opinion of the authors, however, the taxonomic data 
given by Emmons for these strains are not sufficiently complete to establish their 
identity with Cr. neoformans. 
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In 1908 BrEweER and Woop found a yeast which may well have been identical 
with Cr. neoformans in a tumor on the spine (Atelosaccharomyces breweri Verdun 1912). 

In 1916 SropparpD and CuTLER reported two cases of human meningeal infections. 
They named the organism which they found in these infections Torula histolytica 
because their observations seemed to indicate that the yeast dissolved tissues. 
After comparing a yeast isolated in 1902 by FrorHINGHAM from a tumor-like lesion 
in the lung of a horse with the organism they observed, they concluded that the 
two were identical. 

HARRISON (1928) isolated a strain from a nasal tumor of a horse. He described 
the organism as Torula nasalis. NINo (1934) reported a case of generalized human 
blastomycosis from which he isolated a strain which he named Cryptococcus 
psicrophylicus, because it would not grow at 37° C. DopGE (1935) gave the name 
Cryptococcus meningitidis to a strain which was isolated by FREEMAN and WEIDMAN 
(1923) from a case of human cystic blastomycosis of the cerebral grey matter and 
which was considered by them as identical with Torula histolytica Stoddard et 
Cutler. 

In 1934 and 1935 Brennam (1934, 1935a) and LoppER (1934) reported that many 
strains described under different names all belonged to one species. BENHAM 
designated this species as Cryptococcus hominis Vuillemin, LoppER as Torulopsis 
neoformans (Sanfelice) Lodder, unaware that ReparLuii already in 1931 placed 
the organism in the genus Torulopsis. 


Until 1936 no spore formation had ever been reported for this organism, but in 
this year Topp and HERRMANN (1936) described ascospore formation. In con- 
sequence of their observations the authors classified this yeast in the sporogenous 
genus Debaryomyces, and named it Debaryomyces hominis. 

REDAELLI, CIFERRI and GIoRDANO (1937) and HENRICI (1941) confirmed these 
observations. They retained this organism in the genus Debaryomyces, because of 
priority, however, under the name of Debaryomyces neoformans. 

LANGERON (1945) and Lancrron and LuTrERAAN (1947) and also LoppeErR and 
De Mrnger (1947), on the contrary, could not accept the phenomena described 
by Topp and HERRMANN as ascospore formation. The French authors pointed to 
the fact that Topp and Herrmann did not even try to ascertain the correctness 
of their conclusions by staining their preparations with spore stains. 

Nor had Emmons (1947) been able to verify the observations made by Topp and 
HERRMANN. He considered the structures observed by them as capsular material, 
stored food or other vegetative structures. It seemed to him that the large central 
body, considered as a spore by Topp and HERRMANN, originated from the 
coalescence of many small spherules which take the fat stain. 

ASCHNER, MaGEer and Lerpow1rTz (1945), Macrer and AscHNnerR (1947) andg 
MAGER (1947) studied the capsule of this yeast. They found the capsule to be a 
polysaccharide, containing amongst others d-xylose; under special conditions also 
a starch-like compound was found to be present. 

Herure, CarLson and Hamiuron (1949) identified the polysaccharide responsible 
for the intensely blue coloration with iodine as, indeed, belonging to the amylose 
class. They also found a pentose containing polysaccharide capable of giving 
serological precipitation in high dilutions with appropriate antiserums. ; 

DrovuHET, SEGRETAIN and AUBERT (1950) isolated a very mucous mutant 
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strain with a big capsule. They found that together with the size of the capsule the 
virulence is increased. Their strain did not give the starch reaction. They isolated 
the capsule substance which is of polysaccharidic nature. This polysaccharide 
principally consists of xylose and mannose. They could also reveal the presence 
of uronic acid linked with mannose. Addition of carbonaceous and nitrogenous 
compounds to the medium greatly increased the production of the polysaccharide. 

Evans and Ment (1951) found the capsular polysaccharides to contain xylose, 
mannose, galactose and fructose. 

Rep (1949) found that thiamin (vitamin B,) is very stimulatory to the growth 
of Cr. neoformans. 


66 Original description and historical survey of the variety 


In 1934 Wourram and Zacu described a yeast, named Hutorulopsis uniguttulata 
Zach, which they had isolated from a disease of human nails. Their description runs 
as follows: 

The cells are round to slightly ovoid, they have a strong membrane and usually 
contain one large oildrop or occasionally two smaller ones. The cells measure 
3,2 —5,9—6,5 uw. They form buds at both ends or multilaterally. 

In maltose broth and in yeast water with saccharose a sediment is 
formed, but no pellicle. 

Streak culture on agar media: White, later on yellow-brown, smooth, 
at the border with some structure; margin slightly lobate. 

Sporulation: No spores are formed. 

Fermentation: Absent. 


y Standard description of Cryptococcus neoformans 

Growth in malt extract: After 3 days at 25° C. cells are 
round or almost round. There is some difference in the size of the cells. 
Some strains have rather large cells measuring 5—8 yw diam., others have 
small cells measuring 3,5—5 « diam. Most 
strains are intermediate between these two 
with cells measuring 4—6 mw diam. or 4—7 u 
diam. (Fig. 131). 

In old cultures kept at 17° C. a sediment 
and a ring are formed, and occasionally 
some islets. 

The cells are surrounded by a capsule which 
develops especially well in old cultures 
both in liquid media and on agar media. 





Fic. 131 — Cr. neoformans me ie ane 
After 3 days in malt extract Under appropriate conditions “starch” is 


formed. 
Growth on malt agar: After 3 days at 25° C. cells are round 
or almost round. The difference in size of the various strains is less 


prominent. They measure 2,5—7 ys diam. 
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The streak culture after one month at 17° C. is glistening, mucous, 
yellowish-brown, pasty, smooth or with slight structure. 

Slide cultures: No pseudomycelium; in some strains short 
chains of rather elongate cells are formed. 

Fermentation: Absent. 


Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose — 
(sometimes weak) 
Saccharose + 


Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Fair development. 
Splitting of arbutin: Slightly positive. 


yy Supplementary description of Cryptococcus neoformans var. 
uniguttulatus 


The variety only differs from the species in the capsule formation which 
is very reduced in the former almost to nought. In consequence hereof A 
the appearance of the streak culture is not mucous. | 
Growth on malt agar: After one month at 17° C. the streak 
culture is pasty, cream-colored, not mucous, dull-glistening, smooth to 
slightly punctate. 


0 Discussion 


The description given above agrees well with those given by the various 
authors. Only Bussxz stated for his strain that it ferments glucose. 
SASAKAWA (1922), however, who studied an authentic strain of Bussnr, 
mentioned that no sugars were fermented. 

In connection with the observations of Topp and HERRMANN we tried 
to induce the strains to form spores not only on the usual media 
recommended for this, but also on those media in which the LInipomyces 
species produce spores. We never observed a formation of ascospores 
or a conjugation of cells. Also staining of the preparations gave only 
negative results. Moreover the description as given by Topp and Herr- 
MANN is rather different from what we usually observe in sporogenous 
yeasts. We cannot accept these phenomena as criteria for spore for- 
mation. We, therefore, retain this species in the genus Cryptococcus. 

Two strains are different from the others since they only form a reduced 
or no capsule. In consequence hereof the streak culture has not a mucous 
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appearance. In all other respects, however, the two strains are identical 
with the other strains of Cr. neoformans. 

There are no indications that the property of capsule formation has 
been lost during cultivation, since this property was not mentioned in the 
original description of one of these strains (Hutorulopsis uniguttulata), 
neither was it observed in the other strain which was freshly isolated 
when studied. 

Although the capsule formation is considered by us as one of the 
characters which define the genus Cryptococcus we still have included 
the two strains in this genus for the following reasons. In the first place 
in both strains often cells were observed which form a capsule though a 
very reduced one. Secondly both strains show all the other prominent 
characters of the genus Cryptococcus, viz. “‘starch’’ formation, a strictly 
oxidative dissimilation, absence of pseudomycelium formation. In the 
third place the relationship of the two strains to Cr. neoformans is so 
close that it seems inadvisable to separate them from this species and to 
include them in another species, let alone in another genus. 

We, therefore, have accepted the two strains in the genus Cryptococcus 
and have brought them to Cr. neoformans as a variety. The name of this 
variety should be var. uniguttulatus after the species included in it: 
Eutorulopsis uniguttulata. 

Like WotrramM and Zacu we observed one or more oildrops in the 
strain of Eutorulopsis uniguttulata. These are, however, very common in 
the cells of various yeasts, especially in older cultures. Thus, the name 
uniguttulatus does not indicate a special property of this variety. 


e Origin of the strains belonging to the species 


We studied 26 strains. 

One strain was received in 1935 from Grorpano (Italy) and is supposed to be 
the original strain of SANFELICE. 

For many strains it was not possible to trace the origin, but according to the 
names with which they were labeled they came from human sources. Among these 
several were isolated from cerebral blastomycosis, skin blastomycosis or generalized 
blastomycosis. 

Strains labeled Cryptococcus or Blastomyces neoformans were received from the 
“Institut Pasteur” (Paris) in 1912, from PoLLaccr (Italy) in 1930, from BENEDEK 
(Germany) in 1929. 

Strains labeled Cryptococcus hominis came from Ora from Paris in 1924 and 
from Voss in 1925. 

Six of the strains received in 1930 and in 1933 from WEIDMAN (U.S.A.) and all 
labeled Torula histolytica were kept in the collection and could be studied. In 1934 
two other strains of 7’. histolytica were received from Benuam (U.S.A.) and one 


from Bavupet (Holland). 
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From BrerBerG (Germany) in 1910 a strain was received labeled Saccharomyces 
species Plimmer. 

A strain labeled Sacch. blanchardi was obtained in 1947 from NEGRONTI (Buenos 
Aires). It originally came from the ‘Laboratoire de Parasitologie”, Paris. 

In 1935 a strain of Torulopsis hominis var. honduriana was received from 
CaSTELLANI (London) who isolated it in a case of blastomycosis of the skin. 

In 1936 a strain of Cryptococcus psicrophylicus came from NINo (Buenos Aires) 
who isolated it from generalized blastomycosis. 

Two strains labeled Debaryomyces hominis were received in 1936 from Topp 
(U.S.A.). They had been isolated from spinal fluid. 

A strain labeled Sacch. spec. Curtis was received in 1939 from the ‘‘A.T.C.C.”’. 
Curtis (1896) described a yeast isolated from a myxomatous tumor and a lumbar 
abscess which he named Sacch. subcutaneus tumefaciens. When reading CuRTIS’ 
paper we got the impression that his organism is very closely related to Cr. neo- 
formans. The cells are round to oval, 3—6 yw, and a capsule is formed. On the other 
hand Curtis observed a weak fermentation of glucose and saccharose. Moreover 
GUILLIERMOND (1912) mentioned the formation of 1—4 ascospores, as having been 
probably observed by Busse. GUILLIERMOND, therefore, designated this organism 
as Sacch. tumefaciens (Curtis) Busse. DopGE (1935) also mentioned spores. He 
designated it as Sacch. tumefaciens Castellani et Chalmers. Although the culture 
studied by us is identical with Or. neoformans, it seems doubtful whether Sacch. 
subcutaneus tumefaciens Curtis is a synonym of Cr. neoformans. 

STENVERS (Holland) sent in 1934 a strain isolated from the central nervous 
system (STENVERS 1934.) 

From SEILER (Bern) came in 1937 a strain isolated in a case of blastomycosis 
(SEILER 1932). 

A strain isolated from a nasal tumor of a horse (Torula nasalis) was received in 
1932 from the ‘“‘N.C.T.C.”, London. 

One strain was isolated from the air in 1924. It is different from the others in not 
splitting arbutin and in a doubtful assimilation of ethanol. 


The first and the last mentioned strains are the only ones which are not of human 
or animal origin. 


As the type strain the supposed original strain of SANFELICE sent by 
GIORDANO has been chosen. 


ee Origin of the strains belonging to the variety 


2 strains were studied. 

The authentic strain of Eutorulopsis uniguttulata was received in 1935 from ZAcH 
(Vienna). It had been isolated from human diseased nails, 
. The second strain was received in 1950 from PRAKKEN (Amsterdam). It was also 
isolated from human diseased nails. 


Both strains are of human origin. 


1 b] . . 
ZAcuH’s authentic strain has been chosen as the type strain of this 
variety. | 
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2. CRYPTOCOCCUS LAURENTII (KUFFERATH) SKINNER 


Two varieties belong to this species: 


Cryptococcus laurentii (Kuff.) Skinner var. flavescens (Saito) nov. var. 
Cryptococcus laurentii (Kuff.) Skinner var. magnus Nov. var. 


a Synonyms of the species 


Torula laurentii Kufferath (1920) 

Torulopsis laurentii (Kuff.) Lodder (1934) 

Torula heveanensis Groenewege (1921) 

Candida heveanensis (Groenewege) Diddens et Lodder (1942) 
Torulopsis heveanensis (Groenewege) Mager et Aschner (1947) 
Torula aurea Saito (1922) 

Chromotorula aurea (Saito) Harrison (1928) 

Rhodotorula aurea (Saito) Lodder (1934) 

Torulopsis carnescens Verona et Luchetti (1936) 


aa Synonyms of the variety flavescens 


Torula flavescens Saito (1922) 
Torulopsis flavescens (Saito) Lodder (1934) 
Cryptococcus flavescens (Saito) Skinner (1947) 


6 Original description and historical survey of the species 


KUFFERATH isolated an organism from ‘‘malafou”’ or palm-wine from the Congo 
which he named Torula laurentii. In 1920 he gave a brief description which follows 
here. 

Growth in malt extract: After 3 days a scant sediment and a ring are 
formed. After 8 days the liquid becomes turbid; the sediment is well developed. 
After one month a pellicle is formed. This yeast can also grow in a very alkaline 
wort. No fermentation occurs in wort. 

Harrison studied this organism again in 1928 and LoppER in 1934. She brought 
it into the genus Torulopsis and gave the following description: 

In young malt extract cultures: Cells are oval, (2,5—5,5) x (3,5—7) ym, 
single or in pairs. A ring and a sediment are formed. 

Streak culture on malt agar: Yellowish, glistening, smooth, mucous. 

Fermentation: No fermentation. 

Glucose + Maltose ++ 

Galactose + Lactose + 
Saccharose + 

Assimilation of potassium nitrate: Very, very weakly positive. 
Ethanol as sole source of carbon: No growth. 

In 1947 SxinnNeR brought this species into the genus Cryptococcus. 


Sugar assimilation: 


The other synonyms of Cr. laurentii will now be discussed. 
GROENEWEGE (1921) isolated from rubber, stored in a moist room, a yeast which 


he named Torula heveanensis. 
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He gave the following description: 

Cells are slightly oval, 4—6 mu long and have a thick wall. The colonies are round, 
raised and glistening. Old cultures on rubber serum agar have light brown colonies. 
On several media, especially on rubber serum agar, dry and folded colonies are 
also formed... The cells of these colonies are larger. 

Fermentation: No fermentation. ; 

Sugar assimilation: Glucose + Maltose + 

Saccharose + Lactose + 

Assimilation of potassium nitrate: Absent. 

Splitting of arbutin: Positive. 

DiIpDEns and LODDER (1942) observed a primitive pseudomycelium. They brought 
this species into the genus Candida. MAGER and ASCHNER (1947) could not agree 
with this classification and proposed to bring this yeast into the genus Torulopsis. 
They studied the capsule in this strain and in the strain of Torulopsis laurentii, 
finding under special conditions production of “‘starch’’? together with another 
polysaccharide compound, 

Sarro (1922) isolated a yeast in Tokyo from the air which he named Torula 
aurea. He gave the following description: 

Growth in koji extract: Cells are small, oval, rarely sausage-shaped, 
(3—4) x (3,5—5,5) w or 4 x 9 w. A thin, dry pellicle, gradually dropping into the 
liquid, is formed. 

Growth on koji agar: Colonies are spherical, sharply edged, orange. 

Fermentation: No fermentation. 

Sugar assimilation: Glucose + (weak) Maltose + (weak) 

Saccharose + (weak) Lactose ? 

Assimilation of potassium nitrate: Absent. 

Harrison in 1928 brought this species into the genus Chromotorula owing to the 
yellowish color of the malt agar culture. LoppErR (1934) classified it in the genus 
Rhodotorula, 

Verona and LucuHertri (1936) isolated a yeast from muscatel which they named 
Torulopsis carnescens. They gave the following description: 

Cells round to oval; on malt agar they measure (2—3,2) x (3,2—5) mw. In malt 
extract no ring or pellicle are formed. 

No fermentation. 

Glucose, galactose, saccharose and maltose are weakly assimilated; lactose is not. 

Nitrate is not assimilated. 

On agar the culture is mucous with a smooth border, first whitish, later flesh- 
colored. 


66 Original description and historical survey of the variety flavescens 


Sarro (1922) isolated a yeast in Tokyo from the air which he named Torula 
flavescens. He gave the following description : 

Growth in koji extract: Cells are short-ellipsoidal or long-sausage-shaped, 
rp bach : : 
(2,5 —3,5) x (4—6) w. A slightly dry pellicle is formed which later drops to the 
bottom. 

Growth on koji agar: The colonies are round and sharply edged. 

Fermentation: No fermentation, 
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Sugar assimilation: Glucose + Maltose + 
Saccharose + Lactose + 


Assimilation of potassium nitrate: Absent. 

LoppER (1934) brought this yeast into the genus Torulopsis, SKINNER (1947) 
into the genus Cryptococcus. 

MaGer and AscHNER could demonstrate “‘starch” production in this yeast. 


y Standard description of Cryptococcus laurentii 


Growth in malt extract: After 3 days at 25° C. cells are 
round, oval or occasionally long-oval, single, in pairs or infrequently in 
small chains, (2,5—5,5) x (4—6,5) mw, occasionally up to 9 or 12 u 
(Fig. 132). Usually a ring and a sediment are 
om 2 y formed, occasionally a pellicle. 

C) After one month at 17° C. a well-developed 


ey ving, an abundant sediment and often a slimy 
£2 i ~~. pellicle are produced. Often the entire contents 
“pe of the flask change into a slimy mass. 

ae The cells are surrounded by a capsule. 


a. Under appropriate conditions “‘starch”’ is 
formed in this capsule. 

ere 09 Pll oe Tasirentis Growth on malt agar: After 3 days 
After 3 days in malt extract at 25° C. cells are oval to long-oval, (2—4,5) x 

(3—7,5) uw, occasionally up to 11,5 wu. 

After one month at 17° C. the streak culture is pale yellow with a 
pale brown, or a pale orange shade, mucous, glistening, almost smooth, 
margin smooth. 

Slide cultures: No pseudomycelium or a rudimentary pseudo- 
mycelium of few elongate cells is formed. 

Fermentation: Absent. 

Sugar assimilation: Glucose + Maltose ++ 

Galactose +- Lactose + 
(occasionally weak) 
Saccharose -+ 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Growth or no 








growth. 
Splitting of arbutin: Variable. 


»y Supplementary description of Cryptococcus laurentii var. 
flavescens 
Growthin malt extract: After 3 days at 25° C. cells are oval, 
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long-oval, ameboid or polymorph, (83—7) x (5,5—11) mw, single, in pairs 
or in short chains (Fig. 133). A slight sediment, a heavy ring and a mucous 


pellicle are formed. ; 
Growth on malt agar: After 3 days at 25° C. cells are oval 


to long-oval, often slightly curvated or polymorph, (3—5) x (6—12) uw. 





Fie. 133 — Cr. laurentii var. flavescens Fic. 134 — Or. laurentii var. magnus 
After 3 days in malt extract After 3 days in malt extract 


yyy Supplementary description of Cyptococcus laurentii var. 
MAGNUS 


Growth in malt extract: After 3 days at 25° C. cells are 
round or short-oval, (4—7,2) x (6—9) w (Fig. 134). There is not much 
growth. 

After one month at 17° C. a heavy ring, a sediment and mucous islets 
are formed. 

Growth on malt agar: After 3 days at 25° C. cells are round 
or oval, (3,5—9,5) x (3,5—10) w. 


6 Discussion 


To this species are brought the strains which can assimilate all the 
sugars tested, 7.e. glucose, galactose, saccharose, maltose and lactose, but 
which do not assimilate nitrate. 

Since laurentii is the oldest specific epithet, this species is named 
Cryptococcus laurentii. 

We could not confirm the very weak assimilation of potassium nitrate 
found by Lopper in the authentic strain of Torula laurentii. The 
assimilation was negative in all tests. 

A few strains were able to form a rudimentary pseudomycelium. As 
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it was very poorly developed these strains were not classified in the genus 
Candida. Also the strain of Candida heveanensis brought into the genus 
Candida by DippENs and LoppeER could be identified with the others. 
The pseudomycelium formation was very poor. Already Macer and 
ASCHNER suggested that it should be removed from the genus Candida. 

Since the strain of Rhodotorula aurea has almost the same color as 
the other strains its classification in the genus Rhodotorula could not be 
maintained. In every respect—also in the production of “‘starch’’, this 
in contrast to almost all the Rhodotorula strains—it is identical with 
Cr. laurentii. The same holds true for the strain of T'orulopsis carnescens. 
In this authentic strain we found, in contrast to the original description, 
the assimilation of lactose to be positive. 

Two strains differed from the others in the shape and size of the cells. 
They were classified as two varieties of Cr. laurentii, i.e. var. flavescens 
and var. magnus. 


e Origin of the strains studied belonging to the species 


8 strains were studied. 

An authentic strain of Torula laurentii was obtained in 1927 from KUFFERATH 
(Brussels). It had been isolated from palm-wine. 

GROENEWEGE’s original strain of Torula heveanensis came in 1922 from the author 
(Java) and had been isolated from rubber. 

The authentic strain of Torula aurea was received in 1923 from Sarro (Japan) 
who isolated it in Tokyo from the air. 

An authentic strain of Torulopsis carnescens, isolated from muscatel, was obtained 
in 1937 from VERONA (Italy). 

A strain mislabeled Pityrosporum ovale was received in 1936 from Moore (U.S.A.). 
This strain may be of human origin. 

A strain was isolated in Holland from pus of an abscess. 

Another strain was also isolated in Holland from deepfrozen beans. 

The last strain was isolated by QUINTANILHA in Lourenzo Marques (South Africa) 
from cotton bolls into which it was probably introduced by the sting of a Hemipteron. 


Probably two strains are of human origin. 


As the type of this species KUFFERATH’S authentic strain has been 


chosen. 


ee Origin of the strains belonging to the variety flavescens 


Only 1 strain was studied. 
It was received in 1928 from NAGANISHI (Manchuria) labeled Torula flavescens Saito. 


eee Origin of the strains belonging to the variety magnus 


Only 1 strain was studied. 
It had been isolated in 1943 by SoBELs in Holland from the air. 
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3. ORYPTOCOCCUS ALBIDUS (SAITO) SKINNER 


a Synonyms 

Torula albida Saito (1922) 

Torulopsis albida (Saito) Lodder (1934) 
? Torula gelatinosa Saito (1922) 

Torulopsis albida (Saito) Lodder var. japonica Lodder (1934) 
Torulopsis liquefaciens Saito et Ota (1934) 

Torulopsis acris var. granulosa Marcilla et Feduchy 

Torula alpina nom. nud. 


6 Original description and historical survey 


Sarto isolated a yeast in Tokyo from the air which he named Torula albida. 
In 1922 he gave the following description: 

Growth in koji extract: Cells are round or short-oval, 5—8 yw. Glistening 
islets are formed on liquid media. 

Growth on koji agar: Colonies are white, round, raised with a distinct border. 

Fermentation: No fermentation. 

Sugar assimilation: Glucose + (weak) Maltose + (weak) 

Saccharose + (weak) — 

Assimilation of potassium nitrate: Absent. 2 

LopDER (1934) who studied a strain received from the ‘‘C.L.M.R.’’ at Dairen 
(Manchuria) generally found a good agreement with Sarro’s description. The cells 
were almost round. The strain had a very mucous appearance. All the sugars tested 
were assimilated. In contradistinction to Sarro she found a positive assimilation 
of potassium nitrate. 

She classified this species in the genus Torulopsis; SKINNER (1947) brought it 
into the genus Cryptoccus. 


The other synonyms of Or. albidus will now be discussed. 

In the publication referred to, Sarro described another organism also isolated in 
Tokyo from the air which he named Torula gelatinosa. Its description differs mainly 
from that of Torula albida in that the cells are long-oval or ellipsoidal. 

LoppER who studied a strain also received from the “C.L.M.R.” at Dairen 
(Manchuria), found, however, that the cells were round to oval. In other respects 
the strain showed the same properties as she had found for T’. albida, i.e. also a 
positive assimilation of potassium nitrate, this again in contrast to Sarro’s results. 
LoppeER classified this strain as a variety of Torulopsis albida, viz. T. albida var. 
japonica, 

Sarro and Ora (1934) isolated a yeast from ‘“‘Saké-moto” yeast which they named 
Torulopsis liquefaciens. Unfortunately we were not able to read their description 
since it is written in Japanese. As we studied an authentic strain we do not doubt 
its identity with 7. liquefaciens. 

A strain labeled Torulopsis acris var. granulosa was sent in 1946 to the “C.B.S.” 
by Marcriia (Spain). We failed to find any literature on this strain. 

In 1931 a strain labeled Torula alpina was received from Griiss (Germany). 
Since he never described it, Torula alpina is a “nomen nudum”. LODDER (1934) 
identified it with Torulopsis albida. ° 
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In the strains of Torulopsis albida and of Torulopsis liquefaciens MAaGER and 
ASCHNER (1947) could demonstrate the production of ‘“‘starch’’. 


y Standard description of Cryptococcus albidus 


Growth in malt extract: After 3 days at 25° C. cells are 
round to short-oval, usually single or in pairs, occasionally in small 
groups (Fig. 135). Concerning the dimensions 
three groups may be distinguished: 

I with the smallest cells, 3—6 y, 
II an intermediate group with cells 
measuring (4,5—7) x (4,5—8) yp, 

III with the largest cells, 5,5—10 w. 

There is not much bottom growth, a ring 
may be formed. 

After one month at 17° C. there is always 

: a ring and a heavy sediment, often the entire 

Fic. 135 — Cr. albidus : 
pears edavs inte alfeextract contents of the flask have changed into a 

slimy mass. 

The cells are surrounded by a capsule. Under appropriate conditions 
“starch” is formed in this capsule. 

Growth on malt agar: After 3 days at 25° C. cells are round, 
short-oval or oval, single or in pairs. 

Two groups may be distinguished: 

I with smaller cells, (2,5—5) x (3,5—6) pm, 

II with larger cells, (3,5—6,5) x (4,5—8) w}). 

After one month at 17° C. the streak culture is mucous, cream-colored 
to yellowish-brown, smooth, occasionally with some folds at the upper 
part, glistening !). 

Slide cultures: Occasionally short chains of longer cells are 
formed, but no pseudomycelium. 

Fermentation: Absent. 





Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose + 
(occasionally (occasionally 
weak) weak) 


Saccharose + 
Assimilation of potassium nitrate: Positive. 


1) One strain had large round cells measuring 5,5—8,5 mw. The streak culture 
of this strain is not mucous, but dry, cream-colored, wrinkled all over the surface, 
margin lobated. Originally this strain was mucous like the others. 
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Ethanol as sole source of carbon: Usually growth 
occurs, occasionally this growth is weak; seldom no growth. 
Splitting of arbutin: Usually positive, occasionally weak, 


seldom negative. 


6 Discussion 

In this species are gathered the strains which can assimilate all the 
sugars tested, i.e. glucose, galactose, saccharose, maltose and lactose and 
which can assimilate potassium nitrate. 

We had some difficulties in ascertaining the assimilation of lactose. 
Since we did not get good results with the auxanographic method, we 
used the method in synthetic liquid media according to WICKERHAM. 
But even with this method we obtained in many strains a doubtful or 
weak assimilation. We got the impression that during the cultivation on 
malt agar for many years the strains had more or less lost the ability to 
assimilate lactose. We, therefore, cultivated the strains of Cr. albidus and 
those of Cr. diffuens on yeast extract agar with lactose. From this medium 
we brought them in the medium for testing the assimilation of lactose. 
We then got much better results. All the strains brought to Cr. albidus 
showed a distinct assimilation of lactose with one exception, whereas 
those belonging to Cr. diffluens did not. The exception was the strain 
labeled Torulopsis albida var. japonica. Lactose assimilation remained 
very weak in this strain and it, therefore, has a position intermediate 
between Cr. albidus and Cr. diffluens. Since, however, we observed a 
somewhat better growth in the medium with lactose than in that without 
sugar, we classified it in Cr. albidus. 

Since this strain, originally labeled T'orula gelatinosa Saito, does not 
agree very well with Sarro’s description—no long-oval cells, assimilation 
of potassium nitrate positive—it seems doubtful whether it is identical 
with Sarro’s T'orula gelatinosa. We, therefore, mentioned this name among 
the synonyms with a question mark. 

Among the strains brought to this species one attracts the attention 
by the deviating appearance of the cultures which are not mucous like 
the others, but dry and dull. In this respect it forms an exception in this 
species. The capsule formation was very much reduced in this strain, 
but “starch” production could be readily demonstrated. Since originally 
this strain was mucous and since MaGrer and ASCHNER (1947) found a 
similar variation in their T'orulopsis rotundata it does not seem justified 
to separate it from Cr. albidus to which it is in all other respects 
identical. 
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e Origin of the strains studied 


12 strains were studied. 

Strains. labeled Torula albida and Torula gelatinosa were received in 1927 from 
the “C.L.M.R.” at Dairen (Manchuria). The latter strain was classified by LoppER 
(1934) as Torulopsis albida var. japonica. 

A strain labeled Torula alpina came in 1931 from Griss (Berlin). It was isolated 
from the sucking tube of a mountain bumble bee caught at an altitude of 2000 m 
in the Allgaéuer Alps. 

The authentic strain of Torulopsis liquefaciens was obtained in 1935 from Sarro 
(Japan) who isolated it from ‘‘Saké-moto” yeast. 

The strain labeled Torulopsis acris var. granulosa came in 1946 from MaARcrILLA 
(Madrid). Further details are not known. 

Two strains were isolated by ZIMMERMANN (Germany) from turbid wine. They 
were received in 1937 from ZIMMERMANN labeled T 21 and T 31. T 31 is the strain 
which has got a dull, dry appearance. ZIMMERMANN (1938) still described it as having 
a mucous appearance. 

One strain was isolated from building materials and was sent in 1936 by McLAcHLAN 
(1938) from England. 

One strain was sent in 1932 by Crrovié (Tallinn) who isolated it from an atypical 
case of blastomycosis. 

Two strains were isolated in Holland from sputum. One of them is mentioned 
by Orie (1946). 

One strain was isolated in Holland from the skin of a dog. 


Three strains are of human origin. 


The strain labeled Torula albida received from the “C.L.M.R.” has 
been chosen as the type strain of this species. 


4. CRYPTOCOCCUS LUTEOLUS (SAITO) SKINNER 


a Synonyms 


Torula luteola Saito (1922) 
Chromotorula luteola (Saito) Harrison (1928) 
Torulopsis luteola (Saito) Lodder (1934) 


6 Original description and historical survey 

Sarro isolated this organism from the air in Tokyo. He gave the following 
description : a ; 

Growth in koji extract: Cells ellipsoidal or ovoid, (4—5) x (5,5—8,5) wm. 


A dry pellicle is formed which gradually drops into the liquid medium. 


Growth on koji extract agar: Colonies are round, yellowish, sharply 


demarcated. 
Giant colonies 
raised surface and smooth margin. On old cultures second 
Fermentation: No fermentation. 


on koji extract gelatin: Yellowish, glistening, with 
ary colonies may develop. 
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Sugar assimilation: Glucose + (weak) 

Saccharose + (weak; invertase +) 
Maltose + (weak; maltase +) 
Lactose? 

Assimilation of potassium nitrate: Absent. 

Because of the yellowish color of the colonies Harrison (1928) included this 
species in his genus Chromotorula. As a carotenoid pigment could not be demonstrated 
by Loppgr in 1934 it was then brought into the genus Torulopsis. In 1947 SKINNER 
classified it as Cryptococcus luteolus. 


y Standard description of Cryptococcus luteolus 


Growth in malt extract: After 3 days at 25° C. cells are 
oval or long-oval to elongate, (3,5—6) x 
(6—11,5) uw, sometimes in short chains 
(Fig. 136). A thin pellicle or a few 
islets are formed. 

After one month a heavy ring and 
sediment and a few islets or a thin 
pellicle are formed. 

The cells are surrounded by a capsule 
which has especially well developed in 
old cultures both in liquid media and 
on agar media. Under appropriate con- 
ditions ‘“‘starch’’ is formed in this 
capsule. 

Growth on malt agar: After 3 days at 25° C. cells are oval 
to long-oval, (3,2—5) x (7—10) uw. 

After one month at 17° C. the streak culture is yellowish, mucous, 
smooth, glistening with a smooth margin. 

Slide cultures: A primitive pseudomycelium may be formed. 
It consists of branched chains of rather equal cells. 

Fermentation: Absent. 

Sugar assimilation: Glucose + Maltose + 

Galactose + Lactose — 
Saccharose ++ 

Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: There is an abundant 
growth; a pellicle is formed. 

Splitting of arbutin: Slightly positive. 





Fic. 136 — Cr. luteolus 
After 3 days in malt extract 


6 Discussion 


This species is rather closely related to Cr. neoformans. 
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The difference between the two consists in the shape of the cells; 
almost round with Cr. neoformans and oval to elongate with Cr. luteolus. 


It would be interesting to test this strain on its pathogenicity for 
animals. 


é Origin of the strains studied 
Only 1 strain was studied. 


It is the original strain isolated in Tokyo from the air by Sarro and received 
from him in 1923. 


5. CRYPTOCOCCUS DIFFLUENS (ZACH) NOV. COMB. 


a Synonyms 


Torulopsis diffluens Zach (Wolfram und Zach 1934) 
Torulopsis nadaensis Saito et Ota (1934) 


6 Original description and historical survey 


ZACH isolated an organism from human diseased nails which he named Torulopsis 
diffluens. Together with Wotrram (1934) he gave the following description: 

Young cells are round and all have about the same size, 4,3 —6,5 « diam. Older 
cells are pear-shaped, very seldom elongate. The cell wall is very distinct, may 
thicken by aging, forming layers, while its outside becomes slimy. Budding is 
mostly unipolar, seldom at all sides. 

In maltose broth and in yeast extract with saccharose a soft 
pellicle is formed which afterwards drops to the bottom. The contents of the flask 
become quite slimy at the bottom. 

On agar media the colonies are shiny, light brown with dark brown spots, 
first wrinkled, but later they become mucous, smooth. The border is sinuous. 

Fermentation: No fermentation. 

Branpt and Zacu (1937) isolated the same organism from a disease of the human 
hair. They considered it to be identical with the Torula histolytica of FREEMAN and 
WEIDMAN. 


Sarro and Ora (1934) isolated an organism from ‘‘Saké-moto” yeast which they 
described as Torulopsis nadaensis. Unfortunately we could not read their description 
since it was written in Japanese. The characteristics of an authentic stram agreed 
with those found for Cr. diffluens. Ae 

Macer and AscHNner (1947) could demonstrate ‘‘starch” production in both 
yeasts. 


» Standard description of Cryptococcus diffluens 

Growth in malt extract: After 3 days at 25° C. cells are 
round or oval, (3,5—5,5) X (4,2—6,5) mw, single, in pairs or occasionally 
in little groups (Fig. 137). A ring and a sediment are usually formed. 

After one month at 17° C. a thick slimy yellowish pellicle and a heavy 


slimy yellowish sediment are formed. 
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The cells are surrounded by a capsule. Under appropriate conditions 
“starch” is formed in this capsule. 

Growth on malt agar: After 3 days at 25° C. cells are oval, 
(2,5—4) x (5—7) p. 

After one month at 17° C. the streak 
culture is yellowish, shiny, mucous and CE 
smooth. 


Slide cultures: No pseudo- AY. OS 





mycelium is formed. 
Fermentation: Absent. aoe 
Sugar assimilation: 
Glucose + Maltose + 
Galactose + Lactose — Fie. 137 — Or. diffluens 
(very weak) After 3 days in malt extract 


Saccharose -- 
Assimilation of potassium nitrate: Positive. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Positive, but it may be very weakly 
positive. 


6 Discussion 


The data given by Wotrram and Zacu for Torulopsis diffluens are in 
good agreement with the standard description. It is clear, however, that 
this species is different from Cr. neoformans (syn.: 7’. histolytica) in the 
assimilation of potassium nitrate. Zacn did not test this characteristic. 

Both yeasts: 7. diffluens and T'.. nadaensis were described in the same 
year. Since we could not read the description of 7’. nadaensis and hence 
not check if it corresponds with the characteristics found for the strain 
we studied, we choose diffluens as specific name for. this species. 


Besides the strains of Torulopsis diffluens and Torulopsis nadaensis we studied 
another strain, labeled Torulopsis rotundata Redaelli. 

REDAELLI (1925) isolated this yeast in a case of tuberculosis of the lung. NANNIZZI 
brought this yeast in 1927 into the genus Cryptococcus (NANNIzzI 1934). REDAELLI 
gave the following description: 

In beer or in peptone glucose medium: Cells are round, 5—6,5 au oor 
smaller 5 w or longer 10 «. A sediment and a ring are formed. 

On carrot agar: Cells are round, 5—6,5 wu. Growth is white to light pink, 
almost dull. 

Fermentation: Glucose — Maltose + (weak) 

Galactose — Lactose — 
Saccharose — 
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Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose + 


Saccharose + 

N assimilation: Peptone +, Ammonium sulphate + (weak) 

Ethanol as sole source of carbon: Fair growth. 

LopDER (1934) who studied an authentic strain observed round to oval cells, 
(3—6) x (3,5—6,5) uw. After 7 weeks at 15° C. a malt extract culture had changed 
into a slimy mass. 

The streak culture on malt agar after 75 days at 15° C. is smooth, glistening, 
mucous, yellowish with a pink tinge. 

No fermentation. 

Sugar assimilation: Glucose + Maltose + 

Galactose + Lactose + 
; Saccharose + 

Assimilation of potassium nitrate: Positive. 

Ethanol as sole source of carbon: Not much growth. 

MaGeER and ASCHNER (1947) who studied the same strain could not confirm the 
assimilation of galactose and of lactose. They used the auxanographic method. 
After 2 weeks of cultivation, however, a few colonies developed in the diffusion 
field of lactose. They subcultured these colonies and got a mutant which differed 
from the original strain in that the culture is not mucous but dry and dull and in 
that galactose and lactose are assimilated. The cells are mostly devoid of a capsule, 
frequently elongate; sometimes pseudomycelium could be observed. Both the 
original strain and the mutant strain could produce starch. 

Like MaGER and ASCHNER and in contrast to REDAELLI and LODDER, our strain, 
REDAELLI’s original strain, was lactose negative, both according to the auxanographic 
test and to the tests in liquid synthetic medium. Even after prolonged cultivation 
in a medium with lactose it could not be adapted. This strain is identical with 
Cryptococcus diffluens. 

Once we isolated a mutant from our strain. This mutant had a dry and dull 
appearance and appeared to assimilate galactose and lactose. Since this strain has 
not been preserved, we could not check its properties again. 

Torulopsis rotundata seems to be subject to frequent mutations which not only 
affect its morphological properties and cultural appearance but also its physiological 
properties, especially the assimilation of galactose and lactose, This may explain 
the divergent results of the assimilation tests of these sugars as reported by various 
authors. : 

The mutability of this organism makes it very difficult to establish its taxonomic 
position. Our present strain is identical with Cr. diffluens, but it seems doubtful 
whether it has the same properties as the strain REDAELLI isolated in 1925. This 
is the reason why we refrain from a statement regarding the systematic position of 


Torulopsis rotundata. 


e Origin of the strains studied 


3 strains were studied. - | 
One is the original strain of 7’. diffluens received in 1935 from Zacu (Vienna) and 


isolated from diseased nails. 
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The second strain is an authentic strain of 7’. nadaensis and sent in 1935 by 
Sarro (Japan). It was isolated from “‘Saké-moto” yeast. 

An authentic strain of Torulopsis rotundata isolated from the lungs in a case of 
tuberculosis, was received in 1930 from REDAELLI (Italy). 


Two strains are of human origin. 


ZACH’s strain has been chosen as the type strain of this species. 


g. SUMMARY 


From the genus Torulopsis as defined by LoppDER (1934) were excluded 
the capsulated, “‘starch’’-forming, non-fermenting yeasts which were 
gathered in the genus Cryptococcus. 

A diagnosis of the emended genus Cryptococcus has been given. 

The 54 strains studied were classified in 5 species with 3 varieties. 

Four of these species had been formerly included by LODDER in the 
genus Torulopsis, viz.: Cr. neoformans, Cr. laurentii, Cr. albidus and 
Cr. luteolus. The species T'orulopsis diffluens was further included as 
Cr. diffluens. 

Eutorulopsis wniguttulata was brought to Cr. neoformans as a variety: 
var. uniguttulatus. 

With Cr. laurentii were identified Candida heveanensis, Rhodotorula 
aurea and Torulopsis carnescens. Torulopsis flavescens was brought to 
this species as a variety, viz. Cr. laurentii var. flavescens. A second variety 
var. magnus was further added to this species. 

With Cr. albidus were identified Torulopsis albida var. japonica, 
Torulopsis liquefaciens and Torulopsis acris var. granulosa. 

With Cr. diffluens was identified Torulopsis nadaensis. 

A key to the species has been given. 

Cryptococcus neoformans is the type species of this genus. 
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Genus 2. TORULOPSIS Berlese 
a. DIAGNOSIS OF THE GENUS 


Cells round or oval, or very rarely, somewhat elongate. Reproduction 
by multilateral budding. Cells only exceptionally capsulated, no production 
of a starch-like compound as in the genus Cryptococcus. No pseudo- 
mycelium, or only a very primitive one. 

In liquid media a sediment and a ring, seldom a pellicle. If present the 
pellicle is never of the dry, dull and creeping type (‘‘Kahmhaut’’). 

Fermentative ability usually present, seldom absent. 

No red or yellow pigments of carotenoid nature. 


b. THE TYPE SPECIES OF THE GENUS 
According to art. 18 of the Intern. Rules of Botan. Nomenclature 
Torulopsis colliculosa (Hartmann) Saccardo is the type species. 


c. HISTORICAL SURVEY OF THE GENERIC NAME 

For a detailed survey of the generic name Torulopsis we refer to 
SKINNER’s paper of 1950; the most important ‘particulars do follow. 

The genus Jorulopsis was created in 1895 by BERLESE as a substitute 
for the genus Jorula Turpin. Turpin (1838) had used the name Torula 
for yeasts, but this was inadmissible as PERsoon had given this name to 
a group of dark colored molds as early as 1796. 

In his paper BERLESE stated clearly that the genus T'orulopsis comprises 
the yeasts designated as Torula by PasteuR and by Hansen, which all 
have fermenting abilities. He described one new species Torulopsis rosea. 
According to LoppER (1938—’39) this species may be identical with 
Torula pulcherrima Lindner or Torulopsis pulcherrima (Lindner) Saccardo, 
nowadays classified as Candida pulcherrima. 

Torulopsis was accepted by Saccarpo (1906), but since BERLESE’S 
article appeared in a periodical which is very difficult to obtain it escaped 
from the attention of most investigators. In 1925, and in 1929 together 
with Reparxii, CrrerRi drew the attention to BERLESE’s article. They 
widened the diagnosis including in the genus asporogenous, colored or 
non-colored, fermenting or non-fermenting yeasts with round or oval 
cells, and not forming a pseudomycelium. Since that time Torulopsis 
has been generally accepted by botanists and technical mycologists. 

In 1934 LoppER emended the diagnosis as far as she excluded the 


yeasts producing carotenoid pigments. 
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The removal of 7. pulcherrima from the genus Torulopsis (WINDISCH 
1940) has induced SKINNER (1947 b) to express some doubt whether the 
generic name T'orulopsis could still be applied in the same sense. For, 
if 7’. pulcherrima should be considered as the former type species of the 
genus Torulopsis on the basis of its possible identity with 7’. rosea, 
article 18 of the International Rules of Botanical Nomenclature which 
states that the name of a group (here genus) must be changed if the type 
of that name is excluded, would apply in this case. 

However, although there are indications, it is in no way certain that 
T’. rosea is identical with 7’. pulcherrima. 

Even if one wants to consider 7. pulcherrima as the type species, 
it is not necessary to reject the generic name Jorulopsis. There always 
remains a possibility to insert the term Torulopsis among the “nomina 
conservanda’”’, cf. art. 21 and 22 of the International Rules of Botanical 
Nomenclature, whilst moreover a new article accepted at the Seventh 
International Botanical Congress at Stockholm 1950, allows the retention 
by conservation of a name in a sense which excludes the type. 

Those who feel inclined to reject Torulopsis use to propose Cryptococcus 
as a substitute. In the historical survey of the latter genus we have 
already reported upon the competition between the generic names 
Cryptococcus and Torulopsis. 

A suggestion made by SkrNNeER to split up the genus into two, induced 
us to separate the typical group of non-fermenting, “starch’’-producing, 
capsule-forming yeasts from the genus and to collect them in a genus 
Cryptococcus. This led us to an emendation of the genus Torulopsis as 
given in the above diagnosis. 


d. SURVEY OF THE SPECIES ACCEPTED IN THE GENUS 


The genus T'orulopsis includes 22 species with one variety which follow 
in chronological sequence !): 


1. Torulopsis colliculosa (Hartmann) Saccardo 1903 

2. Torulopsis holmii (Jérgensen) Lodder 1909 

3. Torulopsis molischiana (Zikes) Lodder 1911 

4. Torulopsis dattila (Kluyver) Lodder 1914 

5. Torulopsis glabrata (Anderson) Lodder et de Vries 1917 
6. Torulopsis lactis-condensi (Hammer) nov. comb. 1919 
7. Torulopsis sphaerica (Hammer et Cordes) Lodder 1920 
8. Torulopsis aeria (Saito) Lodder 1922 


1 = = _ T 5 . . P 7 
) Recently van Upern studied a new species which he named Torulopsis 
pintolopesii (publication in press). 
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Torulopsis candida (Saito) Lodder 1922 

Torulopsis famata (Harrison) nov. comb. 1928 
Torulopsis gropengiesseri (Harrison) Lodder 1928 
Torulopsis stellata (Kroemer et Krumbholz) Lodder 1931 
Torulopsis stellata (Kroemer et Krumbholz) Lodder var. 
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cambresiert nov. var. 


Torulopsis bacillaris (Kroemer et Krumbholz) Lodder 1931 
Torulopsis sake (Saito et Ota) nov. comb. 1934 
Torulopsis globosa (Olson et Hammer) nov. comb. 1935 
Torulopsis versatilis (Etchells et Bell) nov. comb. 1950 
Torulopsis etchellsii nov. spec. 

Torulopsis anomala nov. spec. 

Torulopsis ernobii nov. spec. 

Torulopsis pinus nov. spec. 

Torulopsis magnoliae nov. spec. 

Torulopsis inconspicua nov. spec. 


KEY TO THE SPECIES OF THE GENUS TORULOPSIS 


la 
b 
c 


No sugar fermentation 

Only glucose fermented 

Ferments glucose and saccharose; raffinose may or may 
not be fermented 


Ferments glucose, and maltose weakly 
T. etchellsw . Sd ns le Me eea nt 10 
Ferments glucose, Patek Be atiece and raffinose 1 
RNIN as ok es ae MU coeds ts: tau 


Ferments glucose, saccharose, mene and raffinose 14 
Ferments glucose, galactose, saccharose, lactose and 


raffinose 14 

LOR) PR ar eae rr ee 
Ferments glucose, galactose, sivaties and lactose very 
weakly 

T SONOMAUE St Ts) Fn) Pe fe arelt  ees 


Ferments glucose, galactose, Ecarareae maltose; raffinose 
is weakly and lactose very weakly fermented 

T Ceraaneea ss ex Se ee re) he 4-3 
Ferments glucose strongly; Bhi eicse, saccharose and 


maltose only weakly : 
tga pe Vs 6) 5. 1. Gla ie ie» Pp. 425 
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2a 


3a 


4a 


5a 


6a 


7a 


8a 
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Only glucose assimilated 
Glucose, galactose, saccharose and maltose assimilated 


T: famata (6d) 0G. 223 «:, ta eA T 
Glucose, galactose, saccharose, saplings and _ lactose 


assimilated 


Cells round; culture mucous 


T. pinus . p. 434 
Cells oval; culture not mucous 

TT 4NRCONSWUHL «sho! 5. 5 ee, 2 a eee 
Nitrate utilized . 

TS QOxie.. e Oa 2 aL ee ee eee 
Nitrate not utilized 

Tcondida (Bey v4 4 ee, oe ee 
Only glucose assimilated 

Dt GIGDTOME Cems, oaks Vike ae ee ae eens 
Glucose and maltose beeen 

T. molischiana .. . pao 
Glucose, saccharose and Aree: saimilated 

LACTnOOUR, atu tek, en eee 


Glucose, galactose, sabehasbes andl reeling assimilated ; 
glucose very weakly fermented 
LONGI, NADA ae ee eee ee se 
Glucose, galactose, saccharose, vrlieae aid lactose assimil- 
ated ; glucose (andseldom saccharose) very weakly fermented 
TS Candida. (40) .0 > a: 4s a Go Sen Gt awn ee 


Glucose and saccharose assimilated; raffinose fermented 
for ¥3 
Glucose, galactose and saccharose assimilated 
Glucose, galactose, saccharose and maltose assimilated; 
raffinose fermented for 1 

GONG oe ee Ge ees, 


Cells round or slightly oval 
L, stellata. ee are ee 
T. stellata var. amber 

Cells oval to long-oval 


Nitrate utilized 
T. lactis-condensi .. . . 1... 2... p. 410 


(3) 





Torulopsis colliculosa 
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b Nitrate not utilized 
POCA yy os. Gel be Geena, Ps 423 


9a Nitrate utilized; saccharose fermented weakly 


T. magnoliae .... wt Pp. 430 
b Nitrate not utilized; glucose en chance fermented 
weakly 


I’. gropengiessert. . . . ........ p. 420 


10a Nitrate utilized; maltose fermented weakly 
IT AAS ee ee oe een «ar 6 
b Nitrate not utilized . 
Pe OOS E Boa Bases eed oath Sse! x! aaniers ine Daw thle 


f. SYSTEMATIC DISCUSSION OF THE VARIOUS SPECIES 
1. TORULOPSIS COLLICULOSA (HARTMANN) SACCARDO 


a Synonyms 


Torula colliculosa Hartmann (1903) 
Cryptococcus colliculosus (Hartmann) Skinner (1947 a) 


6 Original description and historical survey 


HARTMANN isolated this organism from Javanese “‘raji’”’. He gave the following 
description: 

Growth in malt extract: After 24 hours cells are round; they contain one 
vacuole and some oil globules. Size 1,7—9,7 mw diam., mostly 3,5 uw. The mother 
cell often forms two or three buds at the same time. Chains with three or four cells, 
the youngest of which are the smallest. After 24 hours at 25° C.—30° C. much 
turbidity. Afterwards a dusty white sediment. After 10 —14 days the liquid becomes 
clear again. 

Growth on malt agar: After 12—14 days numerous warts, like pinheads, 
are formed on the smooth surface !). The cells of these warts are larger. This new 
race is lost after longer cultivation on malt agar, but appears again after cultivating 
once or twice in malt extract. 

Fermentation: Glucose + Saccharose + 

Young cultures without warts show no fermentation of maltose ; the cells of the warts 
are maltose positive. Consequently a new race is formed which ferments maltose. 

Saccarpo (1906) placed this organism in the genus Torulopsis; SKINNER (1947 a) 
in the genus Cryptococcus. 

Further descriptions are given by Harrison (1928) and LODDER (1934). HARRISON 
agrees with HARTMANN, that only the old cells are able to ferment maltose, whereas 
young ones have no such ability. LODDER, however, found that even the young 
cells ferment maltose. 

1) Evidently this phenomenon induced HARTMANN to name this species colliculosa 
which means: provided with small elevations. 


26 


Torulopsis holmii 
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y Standard description of Torulopsis colliculosa 


Growth in malt extract: After 3 days at 25° C. cells are 
round to oval, (3,5—5,5) x (4—6,5) uy, 


single or in pairs (Fig. 138). Only a 
sediment is formed. . @ 
After one month at 17° C. a sediment \-d 





is present. he 

Growth on malt agar: After $y 6 
3 days at 25° C. cells are almost round, or C as 
3,5—5,5 mw, single or in pairs. Sey 


After one month at 17° C. the streak 


culture is cream-colored, almost smooth es 


with some warts, pasty, glistening, margin 

slightly sinuous. Fic. 138 — T. colliculosa 
Slide cultures: No pseudomy- After 3 days in malt extract 

celium is formed. 


Fermentation: Glucose + Maltose + 
Galactose — Lactose — 
Saccharose + Raffinose + ¥ 
Sugar assimilation: Glucose + Maltose + 
Galactose — Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Absent. 


6 Discussion 


This species is closely related to Sacch. fermentati and has to be regarded 
as the imperfect form of the latter. 


e Origin of the strains studied 


Only 1 strain was studied. 


This strain was received from LINDNER (Berlin) in 1922. No further details are 
available. 


2. TORULOPSIS HOLMII (JORGENSEN) LODDER 


a Synonyms 


Torula holmii Jorgensen (1909) 
Cryptococcus holmii (J6rgensen) Skinner (1947 a) 





Torulopsis holmii 
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p Original description and historical survey 

This organism was isolated in J6RGENSEN’s Laboratory of Fermentology at 
Copenhagen. 

Ho. gave the following description in JORGENSEN’s book, “Die Mikroorganismen 
der Garungsindustrie’’, 1909: 


Growth in malt extract: The sediment of a young culture consists of small, 
oval cells; a few cells, however, are larger, oval or round. The size of the cells is 
(1,4—2,1) x (3,5—65,5) yp. 

After 3 to 5 days a pellicle is formed. The cells of the pellicle are round or oval; 
in glucose yeast extract, however, the cells are longer or irregular. 


Fermentation: Glucose + Maltose — 
Saccharose + Lactose — 
Raffinose + 


HARRISON (1928) gave a more detailed description. LoppER (1934) brought this 
organism into the genus Torulopsis ; SKINNER (1947 a) into the genus Cryptococcus. 


y Standard description of Torulopsis holmii 


Growth in malt extract: After 3 days at 25° C. cells are 
round, short-oval and oval, single or in pairs. Round to short-oval cells 
measure (3—5,5) x (4—6) w, oval 
cells (2,5—5,5) x (4,5—8) wu (Fig. 
139). Only a sediment is formed. 

After one month at 17° C. a 
sediment is present. 

Growth on malt agar: 
After 3 days at 25° C. cells are 
short-oval or oval, (2—4,5) x 





(3—8) uw. 
After one month at 17° C. the 
Wa 180 = 7" holm streak culture is yellowish to cream- 
After 3 days in malt extract colored, almost smooth, pasty, 


margin smooth. 
Slide cultures: No pseudomycelium is formed. 


Fermentation: Glucose + Maltose — 
Galactose + Lactose — 
Saccharose ++ Raffinose + 14 
Sugar assimilation: Glucose + Maltose — 
Galactose + Lactose — 


Saccharose ++ 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Variable. 
Splitting of arbutin: Absent. 


Torulopsis molischiana 
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6 Discussion 
There exists a close relationship between 7’. holmii and Sacch. exiguus. 
Probably the first has to be considered as the imperfect stage of the latter. 


e Origin of the strains studied 


9 strains were studied. 
One was received from BrrRBERG (Germany) in 1910. No further details are 


available. 

One was isolated in 1926 from Dutch buttermilk and mentioned in the catalogues 
of the ‘‘C.B.S.”’ as Torula alactosa Kluyver. KLUYVER, however, never described this 
strain. He used it in his biochemical method for sugar determination. Torulopsis 
holmii was afterwards isolated several times from Dutch buttermilk. 

The third strain came from yeasty butter and was isolated in 1946 in Holland. 

Three strains came from OrtE (Holland). They were isolated from the mouth 
or the throat of healthy or diseased people (ORIE 1946). 

One strain was isolated in Holland from strawberries. 

Two strains were isolated by ErcHetis (U.S.A.) from fermenting cucumber brine 
(ErcHELLS and Betu 1950). They were received in 1948. 


Three of these nine strains are of human origin. 


The strain isolated from buttermilk (Torula alactosa) has been chosen 
as the type strain. 


3. TORULOPSIS MOLISCHIANA (ZIKES) LODDER 


a Synonyms 


Torula molischiana Zikes (1911) 
Cryptococcus molischianus (Zikes) Skinner (1947 a) 


6 Original description and historical survey 


ZIKES isolated this organism from used tanbark. He described it in 1911. We 
give here the following summary of this description: 

Growth in malt extract: The liquid becomes turbid; a mucous sediment 
and, in very old cultures, a pellicle which starts by formation of a ring, were 
observed. 

Growth on malt agar: The growth is mucous, yellowish-grey. At 42° C. 
there is still good growth. The cells are surrounded by a capsule in which rod-like 
bodies are radially embedded. 

Growth on malt gelatin: In young cultures cells are small, long-oval, 
ellipsoidal or seldom round, 2 x (2—3,5) fu. With capsule the cells measure 
(3—4) x (4—6) mw. Budding is unipolar. 

Fermentation: Glucose + Maltose + (weak) 

Galactose + (weak) Lactose — 
Saccharose — 

LODDER (1934) brought this organism into the genus Torulopsis and gave a 

description, which differs from that of ZrKEs mainly in that she found the 


Torulopsis molischiana 
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fermentation of galactose and maltose to be absent. SKINNER (1947 a) classified it 
as Cryptococcus molischianus. 

According to Macer and Ascuner (1947) this yeast is different from the 
capsulated, non-fermenting yeasts in that “starch” is not formed in the capsule. 
It should be added, however, that Fotry (1950) in a preliminary communication 
reported a positive outcome of his investigation on “starch” formation in this 
yeast. 


y Standard description of Torulopsis molischiana 


Growth in malt extract: After 3 days at 25° C. cells are 
very small, oval and surrounded by a capsule!). The size of the cells 
measured without capsule is (2—4,5) x (2,5—6) mw, single or in pairs. 
Budding from ends and sides (Fig. 140). 
e& A sediment and a thin broken ring are 


4 
formed. 
69 After one month at 17° C. a distinct 


ring and a sediment have developed. 
© Growth on malt agar: After 
- Y 3 days at 25° C. cells are oval and 
( sa measure without capsule (2—4) x (2,5—-6,5) 
a uw, single or in pairs. 

After one month at 17° C. the streak 
culture is greyish to cream-colored, mu- 
cous ”), glistening, pasty, almost smooth, margin smooth. 

At 40° C. there is still good growth ). 

Slide cultures: No pseudomycelium is formed. 

Fermentation: Glucose + Maltose — 

Galactose — Lactose — 
Saccharose — 
Sugar assimilation: Glucose + Maltose + 
Galactose — Lactose — 
Saccharose — 





Fic. 140 — T. molischiana 
After 3 days in malt extract 


Assimilation of potassium nitrate: Absent. 


1) Formation of “‘starch’’ could not be demonstrated. . . 

2) On malt agar cultures a mutant appeared in both strains studied which 
developed non-mucous colonies. The cells of the mutant are not surrounded by a 
capsule which is the only difference noted between mutant and original strain. 
In other respects the mutant behaves like the original strain. . . 

2) Since growth at higher temperatures was mentioned for this species, the 


strains studied were tested on this property. 


Torulopsis dattila 
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Ethanol as sole source of carbon: Not much growth. 
Splitting of arbutin: Positive. 


6 Discussion 

In connection with FoLry’s statement that 7’. molischiana is able to 
form “‘starch”’ we have given particular attention to the tests on “‘starch” 
formation in the strains studied. In repeated tests we failed to find any 
indication that a starch-like compound is formed. In this respect our 
observations fully agree with those made by Mager and ASCHNER. 


é Origin of the strains studied 

2 strains were studied. 

One came in 1933 from the “A.T.C.C.”. Further details are not available. 

The second one was isolated by RENNERFELT (Sweden) from return water 
(of 40° C.) in a wood mill in Sweden. It was received in 1938. 


The first mentioned strain, obtained from the “A.T.C.C.” has been 
chosen as the type strain. 


4. TORULOPSIS DATTILA (KLUYVER) LODDER 


a Synonyms 

Torula dattila Kluyver (1914) 

Mycotorula dattila (Kluyver) Harrison (1928) 
Cryptococcus dattilus (Kluyver) Skinner (1947 a) 


6 Original description and historical survey 


KLUYVER isolated this organism from dates. In 1914 he gave the following 
description: 

In malt extract a strong fermentation and abundant growth, but no develop- 
ment of a pellicle. 

On malt gelatin cells after a few days are round, somewhat stretched in one 
direction; length about 5 yw. In old cultures (2 to 3 weeks old) there are also larger 
cells present, length about 8 Hu. These cells often have a polyhedral border. 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose + Raffinose + 1% 


Since 1914 this yeast has been frequently employed by Kivuyver in his biochemical 
method for sugar determination on the basis of its inability to ferment maltose. 

HARRISON (1928) brought this organism into the genus Mycotorula because he 
observed hyphal threads in old cultures. 

LoppER (1934), however, placed this organism in the genus Torulopsis. She 
only observed a few long cells, but considered it not a pseudomycelium. SKINNER 
(1947 a) classified it as Cryptococcus dattilus. 

HOEKE (1939) reported this yeast to be able to attack maltose under aerobic 
conditions, This statement has been confirmed by Kiuyver and Custers (1939 —*40). 


Torulopsis glabrata 
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y Standard description of Torulopsis dattila 


Growth in malt extract: After 3 days at 25° C. cells are 
almost round or oval, (4—5) (5—8) uw, single or in short chains (Fig. 141) 
Only a sediment is formed. 

After one-month at 17° ©. a 
sediment is present. 

Growth on malt agar: 
After 3 days at 25° C. cells are oval 
to long-oval, (4—5) x (6—12) HM, 
single or in pairs. 

After one month at 17° GC. the 
streak culture is cream-colored, 
almost smooth, glistening, pasty, 
margin almost smooth. 

Slide cultures: No pseudo- 
mycelium is formed; on potato agar only a few chains of elongate cells. 





Fic. 141 — T. dattila 
After 3 days in malt extract 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose + Raffinose + 1, 

Sugar assimilation: Glucose + Maltose + 

. Galactose ++ Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Hardly any growth. 
Splitting of arbutin: Absent. 


6 Discussion 


Because of the development of a few chains of elongate cells on potato 
agar this species occupies an intermediate position between the genera 
Torulopsis and Candida. Since the development is very rudimentary, we 
prefer to maintain this species in the genus Torulopsis. 


e Origin of the strains studied 


Only 1 strain was studied. This was the original strain isolated by KLUYVER 


from dates. 
5. TORULOPSIS GLABRATA (ANDERSON) LODDER ET DE VRIES 


a Synonyms 


Cryptococcus glabratus Anderson (1917) 


Torulopsis glabrata 
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6 Original description and historical survey 


ANDERSON isolated this organism from human feces. He named it Cryptococcus 
glabratus, probably because it has a smooth growth on solid media +), and described 
it in 1917. We give the most important part of this description: 

Morphology: Cells in young cultures are oval or elliptical, and fairly uniform 
in size and shape. Budding occurs from the ends or shoulders of the oval and elliptical 
cells. There are no elongate cells or hyphal elements. The size is 3 x 4,5 wm. 

Cultural characters: On glucose agar the streak is filiform, glistening, raised, 
smooth and chalk-white. In old cultures the surface remains smooth and the edge 
entire. There is a slow growth on all solid media; liquid media remain clear with 
little evidence of growth, and no pellicle or ring formation is present. 

Physiological characters: There is rapid fermentation of glucose and 
fructose. Other sugars are not fermented. No decided change in pH occurs in sugar 
media. 

Since the discovery of this organism by ANDERSON it has been repeatedly and 
exclusively isolated from human sources (BENHAM 1935; BLacK and FISHER 1937; 
LoppER and Dr Vrigs 1938 —’39). 

LoppErR and Der Vries classified the organism in the genus Torulopsis. They 
gave a somewhat more detailed description, based on the study of five strains, 


y Standard description of Torulopsis glabrata 


Growth in malt extract: After 3 days at 25° C. cells are 
ovoid, (2,5—3,5) x (4—5) mw, arranged in pairs or in short chains 
(Fig. 142). Only a sediment is formed. . 

After one month at 17° C. a sediment, he 6d § § OO ( Ov O 
a thin ring and occasionally a few islets SY 6 
are present. 

Growth on malt agar: After 
3 days at 25° C. cells are ovoid. Besides 
cells of ordinary size, (2,5—3) x (4—5) n, 
very small ones are observed, (1,5—2) x 
(2,5—3) mw; single or in pairs. 

After one month at 17° C. the streak 
culture is greyish-brown, glistening, smooth, pasty, margin smooth. 

Slide cultures: No pseudomycelium is formed. 


ey-4 neh, 
) 30 : 8 - 
Fic. 142 — T. glabrata 
After 3 days in malt extract 





Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 
Sugar assimilation: Glucose AL Maltose — 
Galactose — Lactose — 


Saccharose — 


1) Glabrus means smooth. 
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Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Absent. 


e Origin of the strains studied 


10 strains were studied. 

One, probably the authentic strain of ANDERSON, received in 1936 from the 
“A.T.C.C.” was isolated from feces. 

A second strain was sent from Paris by Ora (Japan), who referred to it in a paper 
(Ora 1924) as Cryptococcus species ‘‘Brussel’’. 

The other eight strains were all isolated in Holland. One was isolated from an 
ulcer on the vulva of a girl by Caron (1935 a, b) who gave a full description of 
this case. 

Four were isolated by Orre (1946) from the mouth or throat of healthy or 
diseased people. One of these four strains came from sputum in a case of pneumonia. 

Further strains were isolated from urine in a case of cystitis in a diabetic patient, 
from the contents of the stomach and from an inflamed gall-bladder. 


Though this organism has been isolated exclusively from human sources, several 
investigations (BENHAM 1935; LoppER and Dr Vries 1938—’39; DE MINJER 
1941) have shown that it probably is no pathogen. 

According to Biack and FisHER (1937), however, this organism may possess 
some pathogenicity towards rats. 


The: probably authentic strain of ANDERSON has been chosen as the 
type strain of this species. 


6. TORULOPSIS LACTIS-CONDENSI (HAMMER) NOV. COMB. 


a Synonyms 


Torula lactis-condensi Hammer (1919) 
Torulopsis caroliniana Etchells et Bell (1950) 


f Original description and historical survey 


HaAmMeERr repeatedly isolated from gassy sweetened condensed milk an organism 
which he named Torula lactis-condensi. He considered it as the cause of gas formation 
in sweetened condensed milk. The description he gave of this organism in 1919 
was not available to us. We, therefore, mention here the description he gave 
together with Oxson in 1935 (Otson and HamMMER 1935). 

On potato glucose agar after 48 hours the cells are oval, (6 —2,4) x 
(3,2 —4,8) , single or in pairs. The growth after 24 hours is smooth, slightly raised, 
translucent, shiny, white, non-viscid. 

In broth only a sediment is formed. 

Fermentation: Glucose + Maltose — 

Galactose — Lactose — 
Saccharose ++ Raffinose — 
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ETcHELLS and Bett (1950) described a yeast which they named Torulopsis 
caroliniana, They isolated it in eastern North Carolina repeatedly from fermenting 
cucumber brines in which it was found very commonly. According to the authors 
it dominates in the early part of the fermentation. It is considered to be the 
principal species associated with the production of ‘‘bloaters”’ or hollow cucumbers. 

The main characteristics mentioned by ErcHetts and Bett are the following: 

The yeast can tolerate a salt concentration higher than 15 % but lower than 20 %. 

The cells are small to tiny, short-oval to egg-shaped, (1,5—2) x (3—4) wu, usually 
in clusters, 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose ++ Raffinose + 1% 


Nitrate is strongly reduced to nitrite. 

The authors pointed out the close relationship between this species and 
Torulopsis lactis-condensi. They mentioned as the main difference the somewhat 
larger cells of 7’. lactis-condensi and the different shape and internal appearance 
of the cells. 


y Standard description of Torulopsis lactis-condensi 


Growth in malt extract: After 3 days at 25° C. cells are 
small, oval to long-oval, (1,6—4) x (2,4—5,5) mw, single, in pairs or in 
short chains (Fig. 143). A sediment is 


formed. cO & 
After one month at 17° C. only asediment ~¢ 
is present. a 
2 | 


Growth on malt agar: After 3 Qo Ol 





days at 25° C. cells are small, oval to long- 


or in short chains. 

After one month at 17° C. the streak 
culture is filiform, transparant, smooth and 
shiny. It rapidly turns brown and dies. 

Slide cultures: No pseudomycelium is formed. 


oval, (1,3—2,5) x (1,9—6) yw, single, in pairs pye 


Fie. 143 — T. lactis-condensi 
After 3 days in malt extract 


Fermentation: Glucose ++ _ Maltose — 
Galactose — Lactose — 
Saccharose +- Raffinose + 14 
Sugar assimilation: Glucose +- Maltose — 
Galactose — Lactose — 


Saccharose + 


Assimilation of potassium nitrate: Positive (oc- 
casionally weak 1), 


; ¥ : ok 
) The auxanographic test for nitrate assimilation gave a weakly positive or 
negative result. In the liquid medium test growth with nitrate was distinct. In all 
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Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Absent. 


6 Discussion 


The results of our examination of 7’. lactis-condensi differ from the 
original description in the fermentation of raffinose. Hammer found that 
this sugar could not be fermented whereas we established a fermentation 
of 15. Since we studied an authentic strain we do not doubt its identity 
with this species. 

The second species named among the synonyms is T'orulopsis caroliniana. 
It is clear from the original descriptions of this species and of 7’. lactis- 
condensi that the differences in size and shape of the cells between these 
species are very small. We could confirm this and, therefore, consider 
T. caroliniana synonymous with 7’. lactis-condensi. 


e Origin of the strains studied 


3 strains were studied. 

One strain is the authentic strain of 7. lactis-condensi received in 1936 from 
Hammer (U.S.A.). It was isolated from sweetened condensed milk. 

The two other strains, named 7’. caroliniana and designated ys 301 and ry 156, 
were reccived in 1948 from ErcHELLs (U.S.A.). They were isolated from fermenting 


cucumber brine. 
As appears from the history of these strains, this organism is able to grow in high 


concentrations of sugar or salt. 


The authentic strain of Hammer has been chosen as the type strain. 


7. TORULOPSIS SPHAERICA (HAMMER ET CORDES) LODDER 


a Synonyms 
Torula sphaerica Hammer et Cordes (1920) 
Oryptococcus sphaericus (Hammer et Cordes) Skinner (1947 a) 


6 Original description and historical survey 
Hammer and Corps isolated this organism from yeasty cream. In 1920 they 


gave the following description: 
Growth in broth: White sediment. 
Growth on whey agar slope: After 24 hours the streak is glistening, whitish, 


smooth, raised. Cells are almost round, 3—3,3 yu, single or in pairs. 


Fermentation: Glucose + Maltose — 
Galactose ++ Lactose ++ 
Saccharose ++ Raffinose + 


strains nitrite as a result of nitrate reduction could be established. This was 
mentioned by ErcHeLLs and BExL (1950) for both 7. lactis-condensi and T’. caroliniana. 
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HARRISON studied this organism in 1928 and gave a description which resembles 
that of HAMMER and CorpeEs. He observed a somewhat different shape and size 
of the cells in malt extract and on malt agar. According to Harrison cells are 
ellipsoidal or egg-shaped, (1,7—4) x (2,5—5) mw. In old cultures many cells were 
round, measuring (2,5—6,6) uw. LoDDER (1934) placed this organism in the genus 
Torulopsis. SKINNER (1947a) mentioned it as Cryptococcus sphaericus. According 
to him (1950) this species had already been classified in the genus Cryptococcus by 
others. We could not find, however, this combination before in literature. 


y Standard description of Torulopsis sphaerica 


Growth in malt extract: After 3 days at 25° C. a thin, 
mucous pellicle is formed and a sediment. The cells of this pellicle are 
round to short-oval, (2,6—4,1) x (3,3—6) yu : 
(Fig. 144). | 

After one month at 17° C. a thin mucous 
pellicle, a ring and a sediment are present. 

Growth on malt agar: After 3 
days at 25° C. cells are round to oval, 
(2,2—4,7) x (2,6—5,2) w. 

After one month at 17° C. the streak 
culture is yellowish to cream-colored, 
glistening, almost smooth, margin almost 





Fic. 144 — T. sphaerica 
After 3 days in malt extract 


smooth. 
Slide cultures: No pseudomycelium is formed. 
Fermentation: Glucose + Maltose — 
Galactose -+- Lactose + 
Saccharose + Raffinose + 14 
Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose + 


Saccharose +--+ 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Some growth. 
Splitting of arbutin: Positive. 


6 Discussion 


Torulopsis sphaerica has to be considered as the imperfect form of 
Saccharomyces lactis Dombrowski. 


e Origin of the strains studied 


3 strains were studied. 
An authentic strain isolated from yeasty cream, was received in 1932 from the 
¢onNT AL 1 99 if 
N.C.T.C.”” (London) 
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Another strain came in 1930 from ALLEN (London) and was isolated from gassy 
cheese. This strain was described by ALLEN and THORNLEY (1929) as yeast C. 
The third strain was isolated from whey in Holland. 


The first strain mentioned, received from the ‘“N.C.T.C.”, has been 
chosen as the type strain. 


8. TORULOPSIS AERIA (SAITO) LODDER 


a Synonyms 


Torula aeria Saito (1922) 
Cryptococcus aerius (Saito) Nannizzi (Pollacci e Nannizzi 1927) 


6 Original description and historical survey 


Saito (1922) isolated this organism from the air at Tokyo. He named it Torula 
peria and gave the following description: 
Growth in koji extract: Cells round to oval, 5—7,2 mw in diam., in short 
chains. A ring is formed. 
Growth on koji agar: Colonies are round, elevated, somewhat yellowish, 
with a distinct border. 
Fermentation: No fermentation. 
Sugar assimilation: Glucose + (weak) Maltose + (weak) 

Saccharose + (weak) Lactose? 
Assimilation of potassium nitrate: Positive. 
Nawnnizzi (Po~tacct e NANNIzzI 1927) placed this organism in the genus Cryp- 
tococcus; LODDER (1934) classified it as T’orulopsis aeria. 





y Standard description of Torulopsis aeria 


Growth in malt extract: After 3 days at 25° C. cells are 
almost round, single or in little groups. They 


measure 4—6,5 uw (Fig. 145). A sediment is 







After one month at 17° C. a sediment 
and a ring. 

Growth on malt agar: After 3 
days at 25° C. cells are almost round, 
(4—5,2) x (4,8—6) yp. 

The streak culture after one month at 

Fic. 145 — T. aeria 17° C. is soft, yellowish-grey, dull glistening, 
After 3 days in malt extract almost smooth, slightly striped at the 
border, margin slightly sinuous. 

Slide cultures: No pseudomycelium is formed. 

Fermentation: Absent. 


ca Or formed. 
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Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose + 
(rather weak) 
Saccharose + . 


Assimilation of potassium nitrate: Positive. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Very weakly positive. 


e Origin of the strains studied 


Only 1 strain was studied. 
It was received in 1923 from Sarro (Japan). It was isolated from the air in Tokyo. 


9. TORULOPSIS CANDIDA (SAITO) LODDER ” 


a Synonyms 


Torula candida Saito (1922) 

Cryptococcus candidus (Saito) Skinner (1947 a) 
Blastodendrion flareri Ciferri et Redaelli (1935) 

Candida flareri (Cif. et Red.) Langeron et Guerra (1938) 


6 Original description and historical survey 


Sarro (1922) isolated this organism at Tokyo from the air. He gave the following 
description : 

Growth in koji extract: Cells short- to long-oval, (4—6) x (5—7,5) yu. 
A ring is formed. 

Giant colony on koji extract gelatin: White, not much glistening, with 
a sharp margin. 

Fermentation: No fermentation. 

Sugar assimilation: Glucose + Maltose + 

Saccharose + Lactose + 

Assimilation of potassium nitrate: Absent. 

LoDDER (1934) brought this species into the genus Torulopsis; SKINNER (1947 a) 
into the genus Cryptococcus. 


Strains named Blastodendrion flareri by CrrERRI and REDAELLI (1935) were 
isolated twice in Messina by FLARER: once from an erythematous-squamous lesion 
and once from an eczematous lesion. Crrerrr and REDAELLI found in hanging 
drop cultures in some media besides roundish cells a primitive pseudomycelium. 

A strain of Blastodendrion flareri received from the Italian authors was identified 
with Candida intermedia by DippENs and LoppErR (1942). They stated that this 
strain showed only a poor development of pseudomycelium, and had a very weak 
fermentative power. Glucose and saccharose were very weakly and very slowly 
fermented, whereas the fermentation of galactose and maltose was almost negative. 
The assimilation of lactose was also very weakly positive. The other strains of 
Candida intermedia attacked sugars much more vigorously. 





Torulopsis candida 


Cu. VII, § 2] SUBFAMILY CRYPTOCOCCOIDEAE 415 


LANGERON and GUERRA (1938) who also received a strain from the authors 
reported that pseudomycelium was difficult to obtain and not characteristic. 
After a very heavy oculation they observed a weak fermentation of glucose only. 

Sugar-assimilation: Glucose + Maltose + 

Galactose + (weak) Lactose — 
Saccharose + 

Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: Very little growth. 

They classified this strain as Candida flareri. 

TANNER jr et al. (1945) studied a strain of C. flareri which was able to synthesize 
relatively large quantities of riboflavin (vitamin B,). 


y Standard description of Torulopsis candida 


Growth in malt extract: After 3 days at 25° C. cells are 
round to oval, (2,5—4) x (3—6,5) mw, single, in pairs or in short chains 
(Fig. 146). A sediment is formed, 
often a thin pellicle or islets which 
soon drop to the bottom, a ring 
may be present. 

After one month at 17° C. a 
sediment and occasionally a ring. 

Growth on malt agar: 
After 3 days at 25° C. cells are 
round or oval, (2—5) x (2,5—5) uw, 
single or in pairs. 

After one month at 17° C. the 
streak culture is whitish to cream- 
colored, almost smooth, only with some radial stripes, scarcely glistening, 
soft, margin smooth. 

Slide cultures: Generally no pseudomycelium is formed, but 
some strains show a tendency to form a pseudomycelium on potato agar 
under cover slip. A few branched chains of cells are formed. 

Fermentation: No fermentation or a weak fermentation of 
glucose and occasionally of saccharose. 

Sugar assimilation: Glucose + Maltose + 

Galactose + Lactose + 
(occasionally weak) 





Fic. 146 — T. candida 
After 3 days in malt extract 


Saccharose ++ 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Growth, though 
often weak; a thin pellicle may be formed. 
Splitting of arbutin: Positive. 
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A few strains excrete a slight amount of riboflavin into the medium. 
This is especially clear in the synthetic liquid media used in the 
assimilation tests. 


6 Discussion 


The assimilation of lactose was in two cases very weakly positive, 7.e. 
in the strain labeled Candida flareri and in the strain labeled Debaryomyces 
mucosus. In the latter strain a positive assimilation could only be observed 
in the synthetic liquid medium according to WICKERHAM after three 


weeks’ cultivation. 

Since the Italian and French authors did not use this method, they 
have not noticed this weak assimilation. 

Some strains showed a tendency to form a pseudomycelium. This was 
so poorly developed and so little characteristic that these strains could 
not be separated from the others on that account. But in this respect 
these strains of T'orulopsis candida form a transition to the genus Candida. 
On account of this reduced pseudomycelium formation the strain of 
Candida flareri, formerly included in the genus Candida in the species 
C. intermedia (cf. “Die anaskosporogenen Hefen, II Halfte’’) has been 
removed to the genus Torulopsis. It could be identified with 7’. candida, 
cf. also p. 561. 


e Origin of the strains studied 


4 strains were studied. 

A strain of Torula candida was received in 1927 from the ‘‘C.L.M.R.” (Dairen, 
Manchuria). 

A strain of Candida flareri was received in 1934 from CireRRI and REDAELLI 
(Italy). FLarer isolated this strain from an erythematous-squamous lesion. 

A strain labeled Debaryomyces mucosus Hufschmitt, A. et R. Sartory et Meyer, 
was received.in 1931 from Sartory (France). It was isolated from pus (HuFsScHMITT 
et al. 1931). 

Sporulation was not observed in this strain, not even when tested immediately 
after it was received in 1931. Further its properties do not agree very well with 
the description given in 1931 by the authors. Moreover, in this description remarkable 
phenomena are mentioned. In cultures contaminated with a Streptococcus, four- 
spored asci were developed, whereas in pure cultures only one ascospore was observed. 
Sporulating cultures had no fermentative power, but non-sporulating cultures 
fermented glucose and saccharose. It seems desirable to corroborate these statements. 
For the present D. mucosus will be considered a “nomen dubium’’, 


A strain was isolated in Holland from fermenting butter. This strain was received 
in 1946. 


rik ; : sé 
Two of the four strains are of human origin. 


Torulopsis famata 
Cu. VII, § 2] SUBFAMILY CRY PTOCOCCOIDEAE 417 


The strain labeled Torula candida and received from the “‘C.L.M.R.” 
in 1927 has been chosen as the type strain of this species. 


10. TORULOPSIS FAMATA (HARRISON) NOV. COMB. 


a Synonyms 


Mycotorula famata Harrison (1928) 

Geotrichum famatum (Harrison) C. W. Dodge (1935) 
Cryptococcus minor Pollacci et Nannizzi (Nannizzi 1934) 
Torulopsis minor (Poll. et Nann.) Lodder (1934) 
Parendomyces minor (Poll. et Nann.) C. W. Dodge (1935) 


6 Original description and historical survey 


This organism was isolated for the first time from a wound of a hand. HARRISON 
who received his strain from the “‘N.C.T.C.”’ named it Mycotorula famata and gave 
the following description: 

In young malt extract cultures and malt agar cultures cells are 
round, ellipsoidal and cylindrical; budding from ends and sides; often in groups 
of five or six cells. Round cells 1,7—2,5 mw diam.; ellipsoidal 2 x 3,5 uw. In malt 
extract cells are somewhat larger 3,8 x 4,2 mw; cylindrical 1,7 x 4,5 yp. 

From cultures 145 days old cells are round, ellipsoidal, cylindrical with short 
hyphae, occasionally large cells, 5 « 6,6 mu. 

In malt extract there is a thin film and ring with flocculent turbidity and heavy 
sediment. 

On malt agar a white, shiny, slightly raised spreading growth. 

Fermentation: No fermentation. 

It is difficult to understand how DopcGEr who mentioned Harrison’s description 
could classify this organism in the genus Geotrichum. 


A discussion of the other synonyms of 7. famata follows. 

The name Cryptococcus minor Poll. et Nann. appeared for the first time in 1927 
in the catalogue of the collection of the Botanical Institute of the University of 
Sienna, but no description was given. 

Pottaccr and Nannizzt (NANNIzzI 1934) gave a description of this organism in 
1934. They studied a strain isolated by Sprcca and TARANTELLI from the scales 
in a case of psoriasis. 

LoppEr (1934) described two strains; one is the strain of NANNizz1, the other 
one was received from BENEDEK. She placed this organism in the genus Torulopsis. 
DopceE (1935) classified the organism in the genus Parendomyces. He quoted 


LoppER’s description. 

y Standard description of Torulopsis famata 

Growth in malt extract: After 3 days at 25° C. cells are 
small, round or oval, (2,5—5,5) x (3,5—7) yp. The cells are single, in 
pairs or clinging together in short chains (Fig. 147). Only a sediment is 
‘formed; occasionally a ring. 
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After one month at 17° C. a well-developed sediment and occasionally 
a white ring are present. 


G th on malt agar: After -) e 
row ) g & P Qs 


3 days at 25° C. cells are small, oval, 


(2,2—4,5) x (3,5—6) p. a “ 
After one month at 17° C. the streak O 


culture is cream-colored, usually smooth @ cs 
but occasionally striped at the margin, 
slightly glistening, margin smooth. We ae ee 
Slide cultures: Usually not a After 3 days ia: ialt extrace 
trace of a pseudomycelium is formed, 
occasionally on corn meal agar a tendency to form a very primitive 
pseudomycelium consisting of short branched chains of cells. 
Fermentation: No fermentation or a very weak fermentation 
of glucose. 
Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose — 
Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: After one week 
weak or no growth; after 3 weeks distinct growth. 
Splitting of arbutin: Variable. 








A few strains excrete a slight amount of riboflavin into the medium 
which is especially clear in the synthetic liquid media used in the 
assimilation tests. 


6 Discussion 


The standard description agrees with the descriptions given of the 
various isolations. 

One strain showed slight tendency to form a pseudomycelium, especially 
on corn meal agar. Since this pseudomycelium was so poorly developed, 
it was not justified to separate this strain from the others. 

Mycotorula famata is the oldest name given to this organism, thus 
famata is the correct specific name. 


As the perfect form of Torulopsis famata has to be regarded Debaryomyces 
kloeckeri. 


e Origin of the strains studied 
7 strains were studied. 
A strain labeled Mycotorula famata was received in 1936 from the “N.C.T.C.” 
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(London). It is the original strain studied by Harrison and isolated from a wound 
of a hand. 

A strain named Cr, minor was received from Potxacct (Italy) in 1930. It was 
probably isolated from a case of psoriasis. 

A strain mislabeled Cr. dermatitidis was sent in 1929 by BENEDEK (Germany). 
Probably it is also of human origin. 

A strain, mislabeled Monilia fioccoi, was received in 1929. It is probably also 
isolated from a case of human disease. 

A strain labeled Sacch. sternoni was obtained in 1932 from Sarrory (France). 
It was described in the same year by A. and R. Sartrory, STERNON and MEYER. 
This description did not agree very well with the results we got with our strain. 
The authors mentioned fermentation of maltose, but not of fructose or lactose; 
invertase was formed. Further 4 spores per ascus were found. 

We observed no fermentation and no spore formation in this strain. 

It was isolated from lesions in interdigital mycoses. 

A strain isolated by Scorr (Australia) from chilled beef, was received in 
1935. 

Another strain came from moist packed tobacco. This strain was received from 
JOLLYMAN (England) in 1934. 


Five of the seven strains are of human origin. 


The strain labeled Mycotorula famata has been chosen as the type 
strain of this species. 


1l. TORULOPSIS GROPENGIESSERI (HARRISON) LODDER 


a Synonyms 


Torula gropengiessert Harrison (1928) 
Cryptococcus gropengiesseri (Harrison) Skinner (1947 a) 


f Original description and historical survey 


GROPENGIESSER (1925) isolated this organism from cocoons of Periplaneta 
orientalis and Blatta germanica. He described the yeast in 1925, but did not name it. 
Harrison (1928) designated this organism as Torula gropengiessert and gave the 
following description: par 

In young malt extract and malt agar cultures cells are ellipsoidal or 
short cylindrical with rounded ends and regular size. Ellipsoidal cells measure on 


2 x 3 pw, cylindrical ones 1 x 3 yu. Buds from ends and shoulders. In 


an average m e 
old cultures (84 days) cells are round, 1,5—3,5 mu or ellipsoidal, 2 x 3 pu. In malt 


extract a ring, film and sediment are formed, the liquid is cloudy. Growth on malt 
agar is raised, shiny, slightly spreading and white. 
Fermentation: No fermentation. 
LoppER (1934) placed this organism in the 
fermentation although weak of glucose and sacchar 


this yeast as Cryptococcus gropengvesserr. 


genus Torulopsis. She observed a 
ose. SKINNER (1947 a) classified 


Torulopsis stellata 
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y Standard description of Torulopsis gropengiessert 


Growth in malt extract: After 3 days at 25° C. cells are 
small, oval, (1,8—3) x (3,2—5) mw, single or in pairs (Fig. 148). A 
sediment and a ring are formed. 


After one month at 17° C. only a J O fo ) fs Os 


sediment is present. 

avai malt agar: After wife “ple 
3 days at 25° C. cells are small, oval, 
(1,2—2,2) * (8—4) p. 

After one month at 17° C. the streak “) E50, 
culture is yellowish to cream-colored, S 4 
glistening, almost smooth, margin Wia.2 148) =" propespiuenet 
almost smooth. After 3 days in malt extract 


Slide cultures: No _ pseudo- 
mycelium is formed; on potato agar a few chains of elongate cells. 


Fermentation: Glucose + (weak) Maltose — 
Galactose — Lactose — 
Saccharose + (weak) 
Sugar assimilation: Glucose + Maltose — 
Galactose -+ Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Absent. 


é Origin of the strains studied 


Only 1 strain was studied, the authentic strain of GROPENGIESSER and 
HARRISON, received in 1925 from GROPENGIESSER (Germany). 


12. TORULOPSIS STELLATA (KROEMER ET KRUMBHOLZ) LODDER 


One variety belongs to this species: 
Torulopsis stellata (Kroemer et Krumbholz) Lodder var. cambresieri 


nov. var. 
a Synonyms of the species 


Saccharomyces stellatus Kroemer et Krumbholz (1931) 
Cryptococcus stellatus (Kroemer et Krumbholz) Skinner (1947 a) 


6 Original description and historical survey of the species 


KROEMER and KruMBHOLZ (1931) isolated this organism from ‘Trocken- 
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Beerauslese’’, a must from overripe somewhat shrivelled grapes with a very high 
sugar concentration (ca 60 %). 

They placed this organism in the genus Saccharomyces although they did not 
observe spore formation. They named it Sacch. stellatus, because of the star-like 
chains of cells they observed in liquid media. 

KRUMBHOLZ (1931) gave a more detailed description, which follows: 

In malt extract after 7 days cells are small, (3,5—4,5) x (4,5—5) wu, mostly 
forming chains which are arranged in stellate fashion. These ‘“‘stars’’ of cells 
occurring in the most different liquid media are very typical of this yeast. In very 
old wort cultures (2 months) round giant cells of 8—10 mw diam. were observed. 

Growth in saccharose yeast extract gelatin after 20 days is rather 
flat, glistening, yellowish, delicately cross striated with a somewhat crenated border. 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose + Raffinose + 13 


Because ascospore formation was never observed, LoppER (1932) placed this 
organism in the genus Torulopsis; SKINNER (1947 a) in the genus Cryptococcus. 


y Standard description of Torulopsis stellata 


Growth in malt extract: After 3 days at 25° C. cells are 
round or oval, (3,5—4,5) x (3,8—5,5) mu, in chains, sometimes star-like 
arranged (Fig. 149). Only a sedi- 
ment is formed. 

After one month at 17° C. a 
sediment is formed, but no ring. 
The cells are arranged in long 
chains. 

Growth on malt agar: 
After 3 days at 25° C. cells 
are round or oval, (3,4—4,7) X 
(3,9—6) mw, in short chains. 

After one month at 17° C. the 
streak culture is cream-colored 
with a dark brown streak in the 
middle, not much glistening, almost smooth, margin smooth. 

Slide cultures: No pseudomycelium is formed. 





Fic. 149 — T. stellata 
After 3 days in malt extract 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose +- Raffinose + ¥3 
Sugar assimilation: Glucose + Maltose — 
> Galactose — Lactose — 


Saccharose +- 
Assimilation of potassium nitrate: Absent. 
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Ethanol as sole source of carbon: Scarcely any growth. 
Splitting of arbutin: Absent. 


yy Supplementary description of Torulopsis stellata var. cam- 
bresveri 
The variety mainly differs from the species in that the cells are for the 
greater part round, especially on malt agar, and are never joined in 
chains. The growth on malt agar also has a different appearance. 
Growth in malt extract: After 3 days at 25° C. cells are 
round or slightly oval, single or in pairs, (3,9—4,7) x (4,3—5,2) m 
(Fig. 150). Only a sediment is formed. 


After one month at 17° C. a sediment and O 
© 0 0) 


sometimes a thin ring are formed. 


Growth on malt agar: After 3 days 9 E) © 
at 25° C. cells are mostly round, (2,5—4,3) x E) Oo 


(2,6—5,2) m, single. : O 
After one month at 17° C. the streak culture {\Q Po: CD 

is cream-colored, glistening, almost smooth, : 

margin smooth. Fie. 150 — T. stellata 


i i i it] cambresierti 
Splitting of arbutin: Positive. Vans 
4 2 After 3 days in malt extract 


6 Discussion 


One strain belonging to the variety was isolated from gum occurring 
in a sugar mill and sent in 1937 to the “C.B.8.”’ by Professor A. MONOYER 
(Belgium). At that time it was considered by the “C.B.S.” a new 
Torulopsis species. Professor MONOYER proposed to name it Torulopsis 
cambresiert, after an engineer from the sugar mill who discovered the 
organism. It was mentioned in the catalogues of the ““C.B.S.” as Torulopsis 
cambresiert. Monoyer. 

Since, however, it is so closely related to 7’. stellata, we cannot separate 
it as a different species, but we consider it as a variety of 7’. stellata, which 
we will name var. cambresieri. 

This species or perhaps more the variety is closely related to Saccha- 
romyces roset. It might be considered as the imperfect form of the latter 
species. 


e Origin of the strains belonging to the species 


Only 1 strain was studied. 

It is the authentic strain of KromMerR and KrumBuHo.z, received in 1931 from 
KROEMER (Germany). It had been isolated from a grape must with a high sugar 
concentration. 
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ee Origin of the strains belonging to the variety 


2 strains were studied. 
One strain, Torulopsis cambresieri Monoyer was isolated from gum occurring in 
a sugar mill. It was obtained in 1937 from Monoyer (Belgium). 


The second strain was isolated in a Dutch potato factory. It was received 
in 1943. 


The first strain, received from Monoygr, has been chosen as the type 
strain of the variety. 


13. TORULOPSIS BACILLARIS (KROEMER ET KRUMBHOLZ) LODDER 


a Synonyms 


Saccharomyces bacillaris Kroemer et Krumbholz (1931; Krumbholz 1931) 
Cryptococcus bacillaris (Kroemer et Krumbholz) Skinner (1947 a) 
?Brettanomyces italicus Verona et Florenzano (1947) 


6 Original description and historical survey 


KROEMER and KrumBHOLZ (1931) isolated this organism together with other 
yeasts, all adapted to a high sugar concentration (60 %), from grapes. They named 
it Saccharomyces bacillaris, although ascospore formation was not observed. 

KruMBHOLZ (1931) mentioned a.o. the following properties: 

Cells mostly long-ellipsoidal, (3—4) x (56—6) yw. In liquid media cells occur 
singly or in chains. 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose + Raffinose + 14 


LoppErR placed the organism in 1932 in the genus Torulopsis because of the 
lacking of spore formation. 
SKINNER (1947 a) designated it as Cryptococcus bacillaris. 


Brettanomyces italicus was isolated by VERONA and FLORENZANO in Italy from 
grapes and described by them in 1947. 


y Standard description of Torulopsis bacillaris 


Growth in malt extract: After 3 days at 25° C. cells are 
oval, (2—4) x (3,5—5,5) mw, single or in short chains (Fig. 151). A 
sediment is formed. 

After one month at 17° C. only a sediment is present. 

Growth on malt agar: After 3 days at 25° C, cells are oval 
to long-oval, (1,5—2,5) x (3—6) y, single or in pairs. 

After one month at 17° C. the streak culture is transparantly white, 
in the middle darker, thin, smooth and shining. 

Slide cultures: No pseudomycelium is formed. 
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Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose +- Raffinose + ¥4 
Sugar assimilation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose ++ 
Assimilation of potassium 


nitrate: Absent. 
Ethanol as sole source of a 
carbon: No growth. é cH fs 


Splitting of arbutin: Absent. 


6 Discussion 


The results of our examination of a om 
Torulopsis bacillaris are in good agreement 
with the earlier descriptions. fe a 

The description of Brettanomyces italicus es 
given by VERONA and FLORENZANO does of 
not fully agree with the results of our 
study of an authentic strain which proved 
to be identical with 7. bacillaris. The 
Italian authors found the assimilation of 
potassium nitrate to be positive and no fermentation of raffinose. 
Moreover they mentioned in the diagnosis of Brettanomyces italicus— 
but not in the description—that, though rarely, the cells may be pointed 
in an ogival way, that a distinct flavor is developed in malt extract, 
that on malt agar the cells grow slowly and die off rather soon, but 
that they may live longer if calcium carbonate is added to the 
medium, — 

We cannot confirm these observations except that the cultures die off 
earlier than those of most other yeasts. It appeared, however, in the 
test of the acid production on glucose agar with calcium carbonate 
according to standard method (cf. p. 33) that only minor quantities of 
acid were produced. 

Consequently the strain studied does not belong to the genus 
Brettanomyces. Because of the disagreement between the description given 
by VERONA and FLORENZANO and our results the name Brettanomyces 


italicus is listed among the synonyms of Torulopsis bacillaris with a 
question mark, 


Fie. 151 — T. bacillaris 
After 3 days in malt extract 
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e Origin of the strains studied 
2 strains were studied. 


One strain is an authentic strain of Saccharomyces bacillaris received in 1931 
from KRoEMER (Germany). It was isolated from grapes. 

The second strain was received in 1947 as an authentic strain of Brettanomyces 
ttalicus from Verona (Italy). This strain was also isolated from grapes. 


The authentic strain of KRommER has been chosen as the type strain. 


14. TORULOPSIS SAKE (SAITO ET OTA) NOV. COMB. 


a Synonyms 
Eutorulopsis sake Saito et Ota (1934) 


6 Original description and historical survey 


A strain named Eutorulopsis sake was isolated by Sarro and Ora from ‘‘Saké- 
moto” yeast. In 1934 they gave a description which we unfortunately were unable 
to read since it is written in Japanese. In a photograph in this publication the 
cells were round or oval. 


y Standard description of Torulopsis sake 


Growth in malt extract: After 3 days at 25° C. cells are 
round or oval, (2,5—5,5) x (3,5—8) mw, single or in pairs (Fig. 152); a 
thin ring is formed. After one week at 
17° C. a distinct white ring, a sediment 
and some islets are formed. 

After one month at 17° C. a thin 
pellicle, a white ring and a sediment 
are present. 

Growth on malt agar: After 
3 days at 25° C. cells are oval, 
(3,4—4) x (4,5—6,5) uw, a few cells 
somewhat longer, up to 7,7 mu, single 
or in pairs. 

After one month at 17° C. the streak culture is yellowish-grey, soft, 
glistening, almost smooth, only slightly pointed. 

Slide cultures: No pseudomycelium is formed. 

Fermentation: Glucose + Maltose + (weak) 

Galactose -+ (weak) Lactose — 
Saccharose + (weak) 
Sugar assimilation: Glucose + Maltose ++ 
Galactose + Lactose — 
Saccharose ++ 





Fie. 152 — T. sake 
After 3 days in malt extract 


Torulopsis globosa 
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Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Rather good growth. 
Splitting of arbutin: Positive. 


6 Discussion . 

The description of this organism as given by the Japanese authors 
was not accessible to us, so we could not check whether the results of our 
study of this yeast agree with the original description. 

As, however, we studied an authentic strain we are rather certain 
that the above given description is that of Eutorulopsis sake Saito et Ota. 


e Origin of the strains studied 


Only 1 strain, the authentic one, isolated from “‘Saké-moto”’ yeast, was studied. 
It was received in 1935 from Sarro (Japan). 


15. TORULOPSIS GLOBOSA (OLSON ET HAMMER) NOV. COMB. 


a Synonyms 
Torula globosa Olson et Hammer (1935) 


6 Original description and historical survey 


Otson and HamMeER isolated this organism on three occasions from gassy 
sweetened condensed milk. They gave the following description: 

On 48 hour potato glucose agar slant cultures the majority of the 
cells is spherical, although a few of the cells tend to be slightly oval. The diameter 
of the majority ranges from 2,5—4 uw. 

In broth there is fair growth in the absence of a fermentable material. 

On potato glucose- or malt agar the growth is opaque, creamy, white, 
dull and raised. 


Fermentation: Glucose + Maltose — (occasionally +) 
Galactose — Lactose — 
Saccharose ++ 






y Standard description of ‘oF 
Torulopsis globosa ow 
Growth in malt extract: Racin ST 
After 3 days at 25° C. cells are ND an 
round or slightly oval, (4,5—6) x (XY, | 


(5—7,5) w (Fig. 153). Only a sedi- 


ment is formed. d: 4 
After one month at 17° C. a CP 


very thin ring and a sediment are Fic. 153 — 1. globosa 


present. After 3 days in malt extract 
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Growth on malt agar: After 3 days at 25° C. cells are round 
or slightly oval, (3—7) x (4,5—7,3) mu. 

After.one month at 17° C. the streak culture is cream-colored, not 
much glistening, slightly verrucose, margin slightly sinuous. 

Slide cultures: No pseudomycelium is formed. 


Fermentation: Glucose + Maltose + (very weak) 
Galactose — Lactose — 
Saccharose ++ Raffinose + 1, 
Sugar assimilation: Glucose + Maltose + 
Galactose — Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Positive. 
Ethanol as sole source of carbon: Slight growth. 
Splitting of arbutin: Absent. 


é Origin of the strains studied 


2 strains were studied. , 

One was the authentic strain received in 1936 from Hammer (U.S.A.), and 
isolated from sweetened condensed milk; the other one, too, was isolated from 
sweetened condensed milk, in Holland. It was received in 1937. 

As is the case with 7’. lactis-condensi, T. globosa can also live at a very high sugar 
concentration. 


The original strain from OLson and HamMeER has been chosen as the 
type strain. 


16. TORULOPSIS VERSATILIS (ETCHELLS ET BELL) NOV. COMB. 


a Synonyms 
Brettanomyces versatilis Etchells et Bell (1950) 


8 Original description and historical survey 


ErcHetts and Bett (1950) isolated this yeast in eastern North Carolina from 
fermenting cucumber brines. It was frequently obtained during the latter part of 
the fermentation. The authors pointed out the extreme salt-tolerance of this yeast 
(20 —24 %) and its ability to ferment concentrated saccharose solutions (40 —60 %). 
They further found the sugar fermentation to be very remarkable, viz. all the 
sugars tested: glucose, galactose, saccharose, maltose, lactose, raffinose and melibiose 
were fermented. There was good growth in a medium with ethanol as sole source 
of carbon. 

They included this species in the genus Brettanomyces for the following reasons: 
In old cultures typical ‘‘ogive” cells were found. The fermentation is slow and 
prolonged over a period of months. Cells are short-lived on slants of ordinary media 
(4—6 weeks); the death is presumably due to acid production. It was obtained 


during the latter stage of the fermentation. 
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y Standard description of Torulopsis versatilis 


Growth in malt extract: After 3 days at 25° C. cells are 
round, short-oval or oval, often slightly angular, single or in pairs. The 
cells usually measure (2—4) x (8—5) w (Fig. 154), but occasionally longer 
cells up to 10 uw or a few giant cells occur. A 


ring and a sediment are formed. A special € s 
smell develops which, however, is different % 


from that developed by Brettanomyces 
species. 

After one month at 17° C. a ring and a & 
heavy sediment are formed. w 

Growth on malt agar: After 3 
days at 25° C. cells have the same shape 
and size as in malt extract. 

After one month at 17° C. the streak 
culture is light brown, glistening, filiform, smooth, slightly raised, with 
a smooth margin. 

Slide cultures: No pseudomycelium is formed. Sometimes cells 
are arranged in short chains. 





Fic. 154 — T. versatilis 
After 3 days in malt extract 


Fermentation: Glucose + Maltose + 
Galactose + Lactose + (very weak) 
Saccharose + Raffinose + 14 
(often weak) 
Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose + (weak) 


Saccharose ++ 
Assimilation of potassium nitrate: Positive. 
Ethanol as sole source of carbon: No growth after 
one week; good growth after 3 weeks. 
Splitting of arbutin: Absent. 


6 Discussion 


After a careful study of authentic strains we came to the conclusion 
that we cannot agree with the classification of this species in the genus 
Brettanomyces. The strains show hardly any relation to the species of the 
latter genus which is clear from the following observations: 

The cultures grown on malt agar may be transferred every four months 
in contrast to the Brettanomyces species which—when grown on this 
medium—need to be transferred at least every two months. The malt 


Torulopsis versatilis 
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agar cultures are cream-colored to yellowish and only after a longer time 
get a slight brownish tinge, whereas the Brettanomyces species very soon 
become. brownish. The growth in malt extract and on malt agar is much 
faster than that of the Brettanomyces species. On these media they develop 
a smell, which, however, is different from that produced by the Bretta- 
nomyces species. The presence of “ogive’’-shaped cells is very doubtful. 
The acid production from glucose according to the standard method 
applied to the Brettanomyces strains is only slight. ErcHents and Bry 
also reported that the known Brettanomyces species are much stronger 
acid producers than the strains they had isolated. 

To get a more qualified opinion on these questions we sent some of the 
strains together with strains of the two following species to Dr M. Tu. J. 
CusTERS !) who has made an extensive study of the genus Brettanomyces. 
He agreed with us that, though in some respects they resemble the 
Brettanomyces species, they do not belong to this genus because of the 
above mentioned deviating characteristics. We, therefore, have removed 
this species from the genus Brettanomyces and included it in the genus 
Torulopsis as Torulopsis versatilis. 

This yeast shows a very remarkable sugar fermentation, since all the 
sugars tested are fermented with the exception of melibiose. Like 
Brettanomyces claussenii it forms a very interesting exception to the rule 
according to which a yeast species which is able to ferment maltose 
never ferments lactose. Br. claussenii, however, ferments lactose strongly 
whereas 7’. versatilis ferments lactose very weakly and only after a long 
time of incubation. 

Because lactose is so very slowly and weakly attacked it was not 
possible to demonstrate the lactose assimilation with the auxanographic 
method. We, therefore, used the test in the liquid synthetic medium. 
It appeared that after one week of incubation at 25° C. 10 % of the 
lactose had been consumed, whereas from the medium inoculated with 
T. etchellsii which does not attack lactose, no lactose had disappeared. 

In contrast to the results of ErcHELLS and Brett we found no 
fermentation of melibiose. Even after 3 weeks’ incubation no gas was 
formed from a 2,5 % melibiose solution in the van Iterson—Kluyver 


fermentometers. 
e Origin of the strains studied 
8 strains were studied. 


1) We are indebted to Dr M. Th. J. Custrers for his co-operation in verifying 


our results. 
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All were isolated by ErcHetts from fermenting cucumber brines and labeled 
Brettanomyces versatilis. "Two of them were sent in 1948 by ETCHELLS (U.S.A.), 
the other six came in 1949 from WICKERHAM (U.S.A.). 


The strain designated y 191 has been chosen as the type strain of this 
species. . 
17. TORULOPSIS ETCHELLSII NOV. SPEC. 


a Synonyms 
Brettanomyces sphaericus Etchells et Bell (1950) 


6 Original description and historical survey 


ErcHetts and Brett (1950) isolated this yeast in eastern North Carolina from 
fermenting cucumber brines during the latter part of the fermentation. They 
pointed out the very high salt-tolerance of this yeast (to 20 %) and its ability to 
ferment very concentrated sugar solutions (40 % glucose). 

They included this species in the genus Brettanomyces for the same reasons as 
have been given for Br. versatilis, cf. p. 427. 

The description of this species mainly differs from the standard description in 
the assimilation of saccharose which was found to be positive by the American 
authors. 


y Standard description of Torulopsis etchellsit 


Growth in malt extract: After 3 days at 25° C. cells are 
round or short-oval, (2,2—3,9) < (2,6—4,7) yw, single or in pairs (Fig. 155). 
A ring and a sediment are formed. 
A special smell develops which, how- 
ever, is different from that developed 
by Brettanomyces species. 

After one month at 17° C. a heavy 
ring and sediment are formed. " 

Growth on malt agar: © © © 
After 3 days at 25° C. cells have the | Ces 
same shape and size as in malt © 
extract. 

After one month at 17° C. the 
streak culture is cream-colored, almost flat, smooth with some slight 
furrows, soft and dull-shining. 

Slide cultures: No pseudomycelium is formed. Sometimes the 
cells are arranged in small chains. 

Fermentation: Glucose + Maltose + (weak) 

Galactose — Lactose — 
Saccharose — 





Fic. 155 — T. etchellsit 
After 3 days in malt extract 


Torulopsis anomala 
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Sugar assimilation: Glucose + Maltose + (weak) 
Galactose + (weak) Lactose — 
Saccharose — 


Assimilation of potassium nitrate: Positive. 
Kthanol as sole source of carbon: No growth. 
Splitting of arbutin: Absent. 


6 Discussion 


The same reasons as have been given for T'orulopsis versatilis induced 
us to remove also this species from the genus Brettanomyces and to include 
it in the genus Torulopsis. 

Since the name Torulopsis sphaerica had already been given to another 
yeast, we propose the name T'orulopsis etchellsii for it in honor of Dr J. L. 
ETCHELLS who isolated this and several other interesting organisms from 
cucumber brine. 


e Origin of the strains studied 


2 strains were studied, designated ys 606 and y 920. 
Both were isolated by Ercuetts (U.S.A.) from fermenting cucumber brine and 
received in 1948. 


Strain y 920 has been chosen as the type strain of this species. 


18. TORULOPSIS ANOMALA NOV. SPEC. 


8 Original description and historical survey 


ErcHetis and Bett (1950) mentioned in their publication on yeasts in cucumber 
brines that two strains had been isolated which only differed from Br. versatilis in 
not fermenting saccharose in low concentrations; both raffinose and melibiose, 
however, were fermented. The two authors considered these strains as variations 


of Br. versatilis. 


» Standard description of Torulopsis anomala 


Growthinmaltextract: After 
30 RS ? 3 days at 25° C. cells are short-oval, 
0 


2—3,3) x (3,4—4,7) mw, single or in pairs 
) formed. A special smell develops which, 
6, 





-_— 


lan (Fig. 156). A ring and a sediment are 
: however, is different from that developed 
Q O ae i O by Brettanomyces species. 


After one month at 17° C. a heavy 


sediment has developed. 


Fic. 156 — T. anomala 
Growth on malt agar: After 3 


After 3 days in malt extract 
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days at 25° C. cells have the same shape and size as those in malt 


extract. 
After one month at 17° C. the streak culture is yellowish-brown, soft, 
slightly raised in the middle, smooth and shining. 
Slide cultures: No pseudomycelium is formed. 


Fermentation: Glucose + Maltose + 
Galactose -+ Lactose + (very weak) 
Saccharose — 
Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose + 
(very weak) 
Saccharose — 


Assimilation of potassium nitrate: Positive. 

Ethanol as sole source of carbon: No growth after one 
week, good growth after 3 weeks. 

Splitting of arbutin: Absent. 


6 Discussion 


A strain of this organism was received from Ercuetis (U.S.A.). He 
considered it a variation of Brettanomyces versatilis which shows no 
saccharose fermentation of low concentration. 

For the same reasons as in 7’. versatilis and T. etchellsii it does not 
belong to the genus Brettanomyces. It neither can be classified as a 
variety of 7’. versatilis since it differs in an important characteristic from 
this species, that is, in not fermenting and not assimilating saccharose. 

Like 7. versatilis it attacks both maltose and lactose, the latter sugar 
very weakly. Since, moreover, it does not attack saccharose, it shows a 
very remarkable sugar fermentation. We, therefore, propose the name 
Torulopsis anomala for it. 

Because the assimilation of lactose is rather weak and goes on slowly 
the same method to test this assimilation had to be used as in 7’. versatilis. 
It appeared that after one week of incubation at 25° C. 13 % of the lactose 
from the medium had been consumed. 

In contrast to the results of Ercumtyts and Britt we found no 
fermentation of raffinose (and of melibiose). 


e Origin of the strains studied 


1 strain was studied. 


It was received in 1948 from Ercuetts (U.S.A.) who isolated it from cueumber 
brine. 


Torulopsis ernobii 
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19. TORULOPSIS ERNOBII NOV. SPEC. 


6 Original description and historical survey 


This organism lives intracellularly in larvae and imago’s of the beetle Ernobius 
mollis. It has been found in special cells (mycetocytes) of the caeca (blind sacks of 
the intestine) of the larvae and imago’s and in special organs near the female 
reproductive apparatus. 

It was isolated by MULLER and cultivated on several media. MULLER (1934) 
gave the following description: 

Growth in malt extract: Cells round, often arranged in clusters. After 
7 days cells measure 1,8—5 yw, average 3,4 mw. Slight fermentation. After 14 days 
a small ring and a sediment are formed. 

On malt agar: Cells have the same shape and size as in malt extract, only 
they are not arranged in clusters. 

After one month at 20° C. the growth is yellowish-white, smooth, glistening 
with a slightly sinuous border, 

In the beetles the cells have the same shape and size as on cultural media, 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 
Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose — 


Saccharose ++ 
Miuxuer did not name this organism. He considered it to belong to the genus 
Pseudosaccharomyces, because no spores and no true mycelium were formed. 


y Standard description of Torulopsis ernobit 


Growth in malt extract: After 3 days at 25° C. cells are round 
or nearly round, (2,6—4,3) x (3,4—5,2) u, 


Of? £) single or in pairs (Fig. 157). Only a sedi- 
oan ment is formed. 
After one month at 17° C. a small ring 


and a sediment are formed. 
wz Growth on malt agar: After 3 


days at 25° C. cells are round or nearly 
'. round, (2,6—4,7) x (2,6—5,6) yp, single or 
i) oO in pairs. 
Fig. 157 — T. ernobii After one month at 17° C. the streak 
After 3 days in malt extract culture is almost white, glistening, smooth, 
with a smooth margin. 
Slide cultures: No pseudomycelium is formed. 
Fermentation: Glucose + (weak) Maltose — 
Galactose — Lactose — 
Saccharose — 
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Sugar assimilation: : Glucose + Maltose + 
Galactose — Lactose — 


Saccharose + 
Assimilation of potassium nitraye: Absent. 
Ethanol as sole source of carbon: Slight growth. 
Splitting of arbutin: Absent. 


6 Discussion 

The standard description agrees rather well with the description given 
by Miter. We studied an authentic strain. 

Since the genus Pseudosaccharomyces (which name was afterwards 
changed to Kloeckera) only contains those asporogenous yeasts which 
have lemon-shaped cells, we cannot accept MixLueER’s classification. 

This yeast belongs to the genus Torulopsis. We propose the name 
Torulopsis ernobii for it, after the beetle from which it has been isolated. 


e Origin of the strains studied 


Only 1 strain was studied. 

Tt was an authentic strain of MULLER, labeled Em 3, sent in 1932 to the ‘‘C.B.S.” 
by Scuwartz. It was in his Institute (Botanical Institute of the “Technische 
Hochschule” at Karlsruhe, Germany) that Miiier made his investigation. 


20. TORULOPSIS PINUS NOV. SPEC. 


y Standard description of Torulo psis pinus 


Growth in malt extract: After 3 days at 25° C. cells are 
round or slightly oval, (3—4,3) x (3—4,7) mu, single or in pairs (Fig. 158). 
A scanty sediment is formed. 

After one month at 17° C. a thin ring 
and a sediment are formed. 

Both in liquid media and on agar media 
the cells are surrounded by a capsule *). 

Growth on malt agar: After 3. 
days at 25° C. cells are round, single or in 
pairs; measuring 3—3,9 mw. 

After one month at 17°C. the streak culture 
is very mucous, yellowish-brown, strongly aerate aie 
glistening, smooth, with a smooth margin. a ee oe 

Slide cultures: No pseudomycelium is formed. 

Fermentation: Absent. 





1 We ; ‘ 
) Formation of “starch”? could not be demonstrated. 


Torulopsis magnoliae 
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Sugar assimilation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 


Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Absent. 


6 Discussion 


By the formation of a capsule, the mucous aspect of the cultures and 
the absence of fermentative ability this species is related to the species 
in the genus Cryptococcus. Since no “‘starch’’ was formed, the organism, 
however, does not belong in this genus. It could not be identified with 
any other T'orulopsis species. It must, therefore, be considered as a new 
species for which we propose the name Torulopsis pinus. 


e Origin of the strains studied 


Only 1 strain was studied. 
It was isolated by LAGERBERG in Sweden from heartwood of live pines; it was 
received in 1935 from LAGERBERG (Stockholm). 


21. TORULOPSIS MAGNOLIAE NOV. SPEC. 


y Standard description of Torulopsis magnoliae 
Growth in malt extract: After 3 days at 25° C. cells are 
round to oval, (2—3,5) x (8—5) yw, single 
C) Q % or in pairs (Fig. 159). A sediment is formed. 
After one month at 17° C. a sediment and 
Oo a ring are present. 
Growth on malt agar: After 3 


Oo OR © iP days at 25° C. cells are oval, (1,5—3) x 
XP oe a (3—5) wm. 
O CD 


€) After one month at 17° C. the streak culture 
Ts is yellowish-brown, flat, smooth and shining. 
Fic. 159 — T. magnoliae 


Slide cultures: No pseudomycelium 


After 3 days in malt extract, 
; is formed. 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose -++ (weak) 

Sugar assimilation: Glucose + Maltose — 


Galactose + Lactose — 
Saccharose ++ 
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Assimilation of potassium nitrate: Positive. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Positive. 


6 Discussion 

This organism is closely related to Torulopsis gropengiessert. It mainly 
differs from the latter in assimilating potassium nitrate, a characteristic 
which 7’. gropengiessert lacks. It, therefore, cannot be identified with 
T. gropengiesseri, but must be considered as a new species for which we 
propose the name Torulopsis magnoliae. 


e Origin of the strains studied 


Only 1 strain was studied. 
RuKeBtscu isolated it in 1942 in Holland from the flower of a Magnolia. 


22. TORULOPSIS INCONSPICUA NOV. SPEC. 


y Standard description of Torulopsis inconspicua 

Growth in malt extract: After 3 days at 25° C. cells are 
oval, single or in pairs. There are slight differences in the size of the 
cells; some strains have smaller cells 
measuring (2—3,5) X (3—6) y, the cells ae rae ee 
of other strains may measure (3—4,5) x mith: 
(4—7) w (Fig. 160). A sediment and 
occasionally a thin pellicle. C> 

After one month at 17° C. a very 
thin pellicle may be present. 

Growth on malt agar: After 
3 days at 25° C. cells are oval, _ 
(1,5—3,5) X (3—5) , single or in pairs. a op 

After one month at 17° C. the streak ae EO 
culture is greyish cream-colored, glisten- 
ing, almost smooth, margin slightly 
sinuous. 

Slide cultures: No pseudomycelium, a few elongate cells may 
be formed. 

Fermentation: No fermentation or seldom a very weak fermen- 
tation of glucose only. 

Sugar assimilation: Glucose + Maltose — 

Galactose — Lactose — 
Saccharose — 









Fic. 160 — T. inconspicua 
After 3 days in malt extract 


Torulopsis inconspicua 
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Assimilation of potassium nitrate: Absent. 


Ethanol as sole source of carbon: Moderate to fair 
growth. 


Splitting of arbutin: Absent. 


6 Discussion 


This organism is closely related to 7’. glabrata, from which it differs 
in that it has no fermentative ability. In consequence we must consider 
this species as a new one, for which we propose the name inconspicua, 
because it has no prominent characteristics. 


e Origin of the strains studied 


4 strains were studied. 

Two were of human origin; one was isolated in 1947 from sputum, the other 
in 1949 from the tongue. 

The other two strains came in 1948 from compressed yeast. These are the strains 
with the smaller cells. 


The strain isolated from sputum has been chosen as the type strain. 









g. SUMMARY 


From the genus Torulopsis as defined by LODDER were excluded the 
capsulated, “‘starch’”’ forming, non-fermenting yeasts. 

A diagnosis of the emended genus has been given. 

The 68 strains studied were classified in 22 species with one variety. 

11 of these species had already been included in the genus Torulopsis, 
viz. T. colliculosa, T. holmii, T. molischiana, T. dattila, T. glabrata, T. 
sphaerica, T. gropengiesseri, T. aeria, T. candida, T. stellata and T'. 
bacillaris. 

The following species were further accepted: 7’. lactis-condensi (Torula 
lactis-condensi), T'. famata (Mycotorula famata), T. sake (Eutorulopsis sake) 
and 7’. globosa (Torula globosa). 

Two species, originally described as Brettanomyces species, 7.e. Br. 
ersatilis and Br. sphaericus were included in the genus Torwlopsis as 
. versatilis and T’. etchellsit. 

Five new species were added, viz. T. anomala, T. ernobii, T. pinus, 
. magnoliae and T’. inconspicua. To T. stellata a variety was brought, 
te. T. stellata var. cambresiert. 

A key to the species of the genus has been given. 


T. colliculosa is the type species. 
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Genus 3. PITYROSPORUM Sabouraud 


a. DIAGNOSIS OF THE GENUS 


Cells oval or bottle-shaped. Vegetative reproduction by budding at 
the poles on a broad base. No pseudomycelium or mycelium formation. 

On malt agar and in malt extract slow poor growth. 

No fermentative ability. 


b. THE TYPE SPECIES OF THE GENUS 


According to art. 18 of the Intern. Rules of Botan. Nomenclature 
Pityrosporum ovale (Bizzozero) Cast. et Chalmers is the type species 
of the genus. 

Pityrosporum pachydermatis Weidman, designated by CIFERRI and 
REDAELLI (1929) to be the type species, is not valid as such. 


c. HISTORICAL SURVEY OF THE GENERIC NAME 


The genus Pityrosporum has been created by SABOURAUD for an 
organism which Matassez (1874) observed in cases of pityriasis simplex 
and which he indicated as spores, in contradistinction to mycelium forming 
fungi. 

SABOURAUD in 1904 gave the following description: 

The cells may be round, 2—4—7 jm, banana-shaped, (2—2,5) x (6—7) u, 
bottle-shaped or budding yeast cells. The bud is separated from the 
mother cell by a small narrow crosswall. The bottle-shape is most 
frequent. It is formed by a round cell with a smaller cell on a broad base. 
No mycelium formation. 

CIFERRI and REDAELLI (1929) gave the following definition of the 
genus: 

Oval or round cells, which may be very small, single, in pairs or in 
small chains with a thin membrane and a double contour only slightly 
evident. They may demonstrate slight fermentative activity. 

LoDDER (1934) gave the following diagnosis: 

Cells bottle-shaped, oval or short-oval; vegetative reproduction by 
budding on a broad base. Cultivation difficult; growth in malt extract 
and on malt agar slow. 

No fermentation. 


Pityrosporum ovale 
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d. SURVEY OF THE SPECIES ACCEPTED IN THE GENUS 


The genus Pityrosporum includes two species which follow in chrono- 
logical sequence: 

1. Pityrosporum ovale (Bizz.) Cast. et Chalmers 1884 

2. Pityrosporum pachydermatis Weidman 1925. 


Since the second species mentioned has been described very incompletely 
and no strain of this species is available, it is not very well possible to 
express the differences between the two species in a key. 


e. SYSTEMATIC DISCUSSION OF THE TWO SPECIES 
1. PITYROSPORUM OVALE (BIZZOZERO) CAST. ET CHALMERS 


a Synonyms 

Saccharomyces ovalis Bizzozero (1884) 
Malassezia ovalis (Bizz.) Acton et Panja (1927) 
Pityrosporum malassezii Sabouraud (1904) 
Dermatophyton malassezi Dold (1910) 
Cryptococcus malassezi Benedek (1930) 


f Original description and historical survey 

This organism has been observed in and isolated from dandruff scales. 

Owing to the fact that the yeast requires special conditions for growth and, 
therefore, is very difficult to cultivate on the usual media, it has mostly been 
studied on the scales or under unfavorable cultural conditions by the earlier authors. 

Since different organisms may be observed in the scales it is often doubtful 
whether all names stand for the same organism and are real synonyms. 

Some of the descriptions will be briefly mentioned. For more elaborate data 
the reader may be referred to BENHAM (1947). 

The first author who studied an organism from psoriasis is Rrvoutta (1873). He 
named it Cryptococcus and gave a description of small round budding cells with 
8—3 yp. It seems doubtful whether this organism is identical 












double outlines, 2, 
with P. ovale. 
Maxassez (1874) noted that the ‘fungus’ observed in pityriasis simplex was 


mall and ovoid, seldom round, (2—2,5) x (4—5) 4, with budding cells and no 


ycelium. He indicated the cells as ‘‘spores’’. 

BizzozErRo (1884) named the organism which he considered identical with the 

‘spore of Malassez”’ Saccharomyces ovalis. He found oval cells, (2,3—2,6) x 

3,3—3,5) pM. 
Another organism observed by him in the scales of the hairy epidermis he named 

- ephaericus. It was round and bigger than the first species. According 


‘taccharomyces sph 
s described by RIvoLta. 


o BizzozERo it might be identical with the Cryptococcu 
ilding round cells with double outlines, 3,5—4,5 pm. 

“spores” in colored preparations. He 
“bottle bacillus’. 


Je, too, found bu 
(1891, 1894) studied MALASSEZ’S 


UNNA 
a bacillus and no yeast and indicated it as 


Lonsidered it to be 


Pityrosporum ovale 
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Van Hoorn (1895) mentioned an organism isolated by PEKELHARING from hair 
in cases of seborrhoea. This organism was studied and named Saccharomyces 
capillitii by OUDEMANS and PEKELHARING (1885). It showed both oval and round 
forms. The identity of this organism with P. ovale is very doubtful. VAN Hoorn 
came to the conclusion that the yeast cultivated by PEKELHARING was identical 
with Sacch. sphaericus Bizzozero and Unna’s “bottle bacillus” with Sacch. ovalis 
Bizzozero. 

SaBOURAUD (1904) always found the bottle-shaped organism in cases of pityriasis. 
He established the genus Pityrosporum and named the species after MALASSEZ: 
Pityrosporum malassezi. 

Dotp (1910) named the species Dermatophyton malassezi. 

CASTELLANI and CHALMERS (1913) used the specific name ovale given by B1zzozERO 
to the organism and named it Pityrosporum ovale. The designation P. ovale (Bizz.) 
Brumpt, occasionally met with in literature, is not correct, since BRUMPT’S 
publication on P. ovale dates from 1922. 

BENEDEK (1930) who did not recognize Pityrosporum as a separate genus named 
the species Cryptococcus malassezi. 

LoppER (1934) maintained SaBOURAUD’s name Pityrosporum malassezi. She 
studied a strain obtained from BENEDEK and gave the following description: 

In malt extract: Slow growth. Cells are short-oval, oval or bottle-shaped, 
(2,5 —3,8) x (4—5,5) mw, single or in pairs, seldom in groups of three. Budding 
often on a broad base. 

On malt agar: Slow growth. Cells are oval or bottle-shaped, (2—3,5) x (3—5) u, 
single or in pairs. Budding often on a broad base. The streak culture is hardly 
visible, dull, almost the color of the malt agar. 

Fermentation: No fermentation. 

Sugar- and nitrogen assimilation were not tested. 

Benuam (1939, 1941, 1945, 1947) succeeded in obtaining abundant growth by 
adding fatty substances to either a natural or a synthetic medium. She mentioned 
the following properties (1947): 

In cultures several forms occur; usually the cells are elongate, (2—3) x (4—5) u. 
The “‘bottle-form” consists of a cell with its bud. The buds are separated from the 
mother cells by a septum at the base. Thus the reproduction is intermediary between 
budding and septation as described for the genus Saccharomycodes. 


y Standard description of Pityrosporum ovale’) 


Growth in malt extract with oleic acid: After 
5 days at 30° C. in shaking cultures the cells are oval or bottle-shaped, 
(2—3,2) x (4—5) yw, single or in pairs. The buds are separated from the 
mother cell by fission after formation of a narrow crosswall (Fig. 161). 
Growth on malt agar with oleic acid: After 5 days 


: sft ihe ; ‘ 

) Assimilation of sugars, nitrogen and ethanol could not be studied. In a liquid 
synthetic medium with oleic acid added as fatty substance growth occurred without 
any other source of carbon and even without addition of a nitrogen source. 
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at 25° C. the cells are oval or bottle-shaped, (2—3) x (3,8—5,8) LM, 
single or in pairs. 
0. After one month at 17° C. the aspect of the 
Q culture made by pouring a suspension of cells 
& Q on the surface of the agar is yellowish-brown, 
raised, dry and wrinkled. 


o 8s Fermentation: Absent. 
X S 
Q 
<7 
ol 


oa 
3 
SD 


6 Discussion 


The strain studied agrees with BrENHAM’s 
description and with former descriptions. 

Fic. 161 — P. ovale We maintain BizzozERo’s species name 

After 5 days in malt ovale, in contradistinction to SABOURAUD and 

extract with oleic acid 

LODDER, because there seems to be no doubt 

of the identity of BizzozERo’s organism with the organism studied by 
SABOURAUD, BENEDEK, LODDER and BENHAM. 


e Origin of the strains studied 


1 strain was studied. 
It was obtained from BrenHAm (New York) in 1946 and had been isolated from 
scales from a human scalp. 












2. PITYROSPORUM PACHYDERMATIS WEIDMAN 


8 Original description and historical survey 


WEIDMAN (1925) isolated this organism from the scales of the inflamed skin of 
an Indian rhinoceros. He gave the following description: 

The cells are small and ovoid, 3 u. Budding by constriction of one pole* during 
the course of which the cell becomes bottle-shaped. The colonies are dark creamy 
yellow, thick pasty, almost doughy in consistency. Surface smooth, dry, not moist 
or glistening. Growth slow. 

Never mycelium. No asci. 

The organism resembles P. ovale, but is smaller and more regular in shape. 
WEIDMAN proposed the name P2tyrosporum pachydermatis for it. 

CIrERRI and REDAELLI (1929) studied a strain from WEIDMAN. They regarded 
this species as the type of the genus since WEIDMAN’s strain was at that time the 
best studied Pityrosporum strain. 

LoppErR (1934) also examined the strain from WEIDMAN. Since there are no 
onger strains of the species in the collection of the ‘‘C.B.S.”, we could not study 
it, and give her description as the standard description. 

Another strain mentioned by LoppER, Pityrosporum rhinoserosum, had never 
It was obtained from the “‘N.C.T.C.” and was said to come from 
Lopper (1934) considered it identical w ith Pityrosporum 


yeen described. 
SABOURAUD’Ss collection. 


pachydermatis. 
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y Standard description of Pityrosporum pachydermatis 

Growth in malt extract: Rather slow. After 2 days at 
25° C. cells are oval or often bottle-shaped, (1,5—3) (2,5—5) pw, single 
or in pairs. Budding on a broad base. 

Growth on malt agar: After 4 days at 25° C. cells are like 
those in malt extract. 

The streak culture after 60 days at 15° C. is brown with a lighter edge, 
pasty, dull-shining, surface somewhat irregular, edge smooth. 

Fermentation: Absent. 

Ethanol as sole source of carbon: Growth; for- 
mation of some very thin islets. 


6 Discussion 

LoppeEr (1934) distinguished the two species P. malassezi (P. ovale) 
and P. pachydermatis chiefly by the streak culture on malt agar. The 
difference in the shape and size of the cells mentioned by WEIDMAN 
is not evident from her descriptions. 

Though it seems probable, it is not known whether P. pachydermatis 
also requires fatty substances for good growth. 

It is obvious that differences in the shape and size of the cells and in 
the streak culture under unfavorable circumstances cannot be con- 
sidered to be of great importance. A closer examination of this species 
seems necessary. 


e Origin of the strains studied 


No strains of this species could be studied. 
LoppEr’s description stands for a culture obtained from WrErDMAN (U.S.A.) 
in 1933. It had been isolated from the skin of a rhinoceros. 


f. SUMMARY 


A diagnosis of the genus Pityrosporum has been given. 

The one strain studied was classified as Pityrosporum ovale. Besides 
the description of a second species, Pityrosporum pachydermatis of which 
no strain was available, has been given. 

Pityrosporum ovale is the type species of the genus. 
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Genus 4. BRETTANOMYCES Kufferath et van Laer 


a. DIAGNOSIS OF THE GENUS 


Cells oval or round, frequently “‘ogive’-shaped; also elongate cells. 
Reproduction by multilateral budding leading to the formation of irregular 
chains of cells. A primitive pseudomycelium rarely with blastospores at- 
tached to it may be formed. 

In malt extract a sediment and occasionally a pellicle. In malt extract | 
and on malt agar slow growth; development of a special flavor. 

Under aerobic conditions a strong acid production from sugars makes 
the cells die rather soon; addition of calcium carbonate to the medium is, 
therefore, recommendable. 

Besides an oxidative a fermentative dissimilation always occurs. — 


b. THE TYPE SPECIES OF THE GENUS 


Brettanomyces bruxellensis Kufferath et van Laer has been designated 
by CustERs (1940) to be the type species of the genus. 


c. HISTORICAL SURVEY OF THE GENERIC NAME 


CLAUSSEN (1904) isolated from English stock-beer, in which it aroused 
a secondary fermentation, a yeast species which he named after its origin 
Brettanomyces. He, however, attached no or only slight systematic sig- 
nificance to this name. He included the strains isolated by him in the 
genus Torula. 

KUFFERATH and VAN LAER (1921) were the first to use the name 
Brettanomyces as a generic name, since they named two yeasts which 
they had isolated from lambic-beer and which showed much resemblance 
to CLAUSSEN’s strains, Brettanomyces bruxellensis and Brettanomyces 
lambicus. Since that time Brettanomyces has been accepted as a generic 
name by many zymologists. As the author of this generic name, though 
incorrectly, also CLAUSSEN was mentioned instead of KurreratTH and 
Van Lazr. 

CustTERS (1940) has thoroughly studied this interesting genus and has 
given a clear definition of its characteristics. A review of his work has 
been given by SKINNER (1947) and by Sarmwett (1947). It is CusTERS’ 
classification, also accepted in “‘Die anaskosporogenen Hefen, IT Halfte”’ 
(DippENs und LoppER 1942) which we will follow here. 
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d. SURVEY OF THE SPECIES ACCEPTED IN THE GENUS 


The genus Brettanomyces includes four species with two varieties which 
follow in chronological sequence: 


1. Brettanomyces bruxellensis Kufferath et v. Laer 1921 

Brettanomyces bruxellensis Kuff. et v. Laer var. lentus Custers 1940 

Brettanomyces bruxellensis Kuff. et v. Laer var. non-membranae- 
faciens Custers 1940 

Brettanomyces lambicus Kufferath et v. Laer 1921 

Brettanomyces anomalus Custers 1940 

Brettanomyces claussenii Custers 1940. 


m GW bo 


e. KEY TO THE SPECIES OF THE GENUS BRETTANOMYCES 


la Ferments glucose, galactose and lactose 


SPL POINOMUS te a es a nn se Pan D4 
b Ferments glucose, saccharose and maltose; galactose is 
not or weakly fermented (2) 
c Ferments glucose, galactose, saccharose, maltose and 
lactose 
isee ChAUBSCTA OS ce COE Se PL ee 456 


2a Streak culture on malt agar dull; in malt extract a rather 
strong, dull, heavily wrinkled pellicle 
MATTOON R s 0e a in es se seg Ds ADE 
b Streak culture on malt agar glistening, in malt extract 
a thin, dull, smooth pellicle or no pellicle 
‘Ben prumellensie. 2. A. Gos 27. ws sD &» pe 449 
Br. bruxellensis var. lentus 
Br. bruxellensis var. non-membranaefaciens 







f. SYSTEMATIC DISCUSSION OF THE VARIOUS SPECIES 


Introduction 

As was mentioned by Custrrrs (1940), for the study of these yeasts 
some small deviations from the normal procedure were necessary. Since 
hese yeasts grow slowly the malt extract cultures were observed only 


fter 5 days of cultivation at 25° C. Within that time the growth was 
oo scanty. 

Jecause of the strong acid production which causes an early death of 
he cells the appearance of the streak cultures on malt agar was observed 


; iwatic ‘ Ro (" ‘eOVverT 
wice. viz. after 8 days’ and after 6 weeks’ cultivation at 15° C. Moreover, 
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streak cultures on malt agar to which calcium carbonate was added 
__which retards the death of the cells—were made and observed after 
6 weeks’ cultivation. 

To judge the rate of acid production a medium was composed by 
Cusrers consisting of yeast extract agar with 5 % glucose and 0,5 % 
calcium carbonate. Brettanomyces species should produce so much acid 
that after 10 days’ cultivation on that medium at 25° C. the calcium 
carbonate has almost entirely disappeared. This property was mentioned 
as “acid production from glucose according to standard method”’. If the 
calcium carbonate had entirely disappeared, ‘‘acid production from 
glucose” was reported to be positive. 

Custers did not test the splitting of arbutin for his strains. Since it 
appeared that this property is not important for the characterization of 
the Brettanomyces species it is omitted here too. 

A discussion of the various species follows. 


é 


1. BRETTANOMYCES BRUXELLENSIS KUFFERATH ET VAN LAER ~ 


Two varieties belong to this species: 


Brettanomyces bruxellensis Kuff. et v. Laer var. lentus Custers 
Brettanomyces bruxellensis Kuff. et v. Laer var. non-membranaefaciens 

Custers. 
a Synonyms of the species 


Mycotorula intermedia Krumbholz et Tauschanoff (1933) 
[nec Blastodendrion intermedium Cif. et Ashf. (1929); nec Candida intermedia 
(Cif. et Ashf.) Langeron et Guerra (1938)] 


8 Original description and historical survey of the species 4 


KUFFERATH (1920) isolated this yeast and also Br. lambicus from lambic-beer. ~ 
Together with Van Laer he gave the following description: 

Growth in beer wort: Under aerobic conditions a considerable amount of 
mainly volatile acid is produced. 

Growth on malt agar: The culture is moist and glistening. 

Fermentation: Glucose + Maltose + 

Saccharose — Lactose — | 

Since the sugars were dissolved in a mineral medium the results of these tests 
do not give definite information on the sugar fermentation of the species studied 
(Br. bruxellensis and Br. lambicus). The authors reported that one of the two 
species fermented saccharose in yeast extract. 

In 1926 KurreratH stated that only after prolonged cultivation in acidified 
wort media the two Brettanomyces species did sufficiently accumulate to isolate 
them on malt agar. The fermentation proceeds very slowly under development of @ 
special flavor. Of the two species Br. bruzellensis is of more frequent occurrence. 
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6p Original description and historical survey of the two varieties 


Both varieties were created by Custers (1940) for strains which were partly 
isolated by him and were partly received from other scientists. The descriptions of 
these varieties as given by CusrErs will be mentioned under yy and yyy as far as 
they differ from the standard description of the species. 


y Standard description of Brettanomyces bruxellensis 


Growth in malt extract: After 5 days at 25° C. cells are 

usually oval, frequently ‘‘ogive’’-shaped, (2,5—4) x (3—9) i; also round 

= or elongate, single or in short chains 

of 1—5 cells (Fig. 162); sediment and 
often a thin pellicle. 

After 10 days at 15° C. a thin, dull 
and smooth pellicle. 

In malt extract and on malt agar a 
characteristic flavor develops. 

Streak culture on malt 
agar: After 8 days at 15° C. light 
yellow, glistening, moist, smooth, not 
much spread over the surface. 

After 6 weeks at 15° C. yellow to 
light salmon-colored, glistening, soft, 
smooth, hardly spreading over the 
surface. 

Streak culture on malt 
agar with calcium carbonate: After 6 weeks at 15° C. 
white, glistening, soft, hardly spreading over the surface, acid produced. 

Slide cultures: On potato agar little pseudomycelium is formed. 
Also the development of blastospores is very scanty (Fig. 163). 





Fic. 162 — Br. bruzxellensis 
After 5 days in malt extract 


Fermentation: Glucose + Maltose + 
Galactose — Lactose — 
Saccharose + Raffinose — !) 
Sugar assimilation: Glucose + Maltose ++ 
Galactose +- Lactose — 
(weak) or — 


Saccharose +- 
Acid production from glucose (according to standard 
method): Positive. 


1) After a long time (8 days or longer) a weak fermentation may occur. 


29 
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Assimilation of potassium nitrate: Positive, in- 
frequently weakly positive. 

Ethanol as sole source of carbon: Little to moderate 
growth. 





Fic. 163 — Br. bruzellensis 
Slide culture, potato agar 


yy Supplementary description of Bretta nomyces bruxellensis yar. 
lentus 


The growth on all media is much slower than th 


at of Brettanomyces 
bruxellensis. 
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Streak culture on malt agar: It early shows fine wrinkles 
which lead to a characteristic cauliflower-like folding. 


yyy Supplementary description of Brettanomyces bruxellensis var. 
non-membranaefaciens 


Growth in malt extract: No pellicle is formed. 


e Origin of the strains belonging to the species 


4 strains were studied. 

One is the original strain of Brettanomyces bruxellensis received in 1931 from 
KUFFERATH (Brussels). It had been isolated from lambic-beer. 

A second strain was labeled Mycotorula intermedia Krumbholz et Tauschanoff. 
It had been received in 1933 from KRrumBHoLZ (Germany). KRUMBHOLZ and 
TAUSCHANOFF (1933) isolated this strain from a French grape must. 

A third strain was received in 1938 from SHIMWELL (Ireland), who isolated it 
from porter of ‘“‘The Cork Porter Brewery’’. It was identified by CusTERs. 

The last strain was isolated by Custrers (1940) from a lambic sediment. 


The original strain of Br. bruxellensis received from KUFFERATH has 
been maintained as the type strain of the species. 


ee Origin of the strains belonging to the variety lentus 


Originally 4 strains were present in the collection. Unfortunately, all these 
strains died during the war. 

One of these strains came in 1931 from KurreratH (Brussels) who received it 
from KiécKker. According to a communication by letter from CLAUSSEN it is one 
of the strains isolated from stronger lager, so-called ‘“‘stock-beer’’ and described by 
ScHIONNING (1907 —’09). 

A second strain was also received in 1931 from Kurreratu. Further details are 


not available. 
Two other strains were isolated by Custers (1940) from a lambic sediment. 


cee Origin of the strains belonging to the variety non-membranae- 
faciens 

3 strains were studied. 

One was received in 1939 from the Scandinavian Brewery Laboratory at 


Copenhagen. 
The second strain was isolated by CustTERs (1940) from bottled stout of Bass & Co. 


at Burton on Trent (England). 
The third strain was isolated by Custers from stout of a Dutch brewery. It was 


received in 1946 from CusterRs (Amsterdam). 


The Copenhagen strain has been maintained as the type strain of 


this variety. 
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2. BRETTANOMYCES LAMBICUS KUFFERATH ET V ANLAER 


ae 


6 Original description and historical survey 


KUFFERATH (1920) isolated this yeast from lambic beer. The description of this 
species given by KUFFERATH and Van LaAkER (1921) differs from that of Br. 
bruxellensis in the appearance of the culture on malt agar only. The cultures of 
Br. lambicus are not moist and glistening but dry like those of the ‘‘Kahm’” 


yeasts. 


y Standard description of Brettanomyces lambicus 


Growth in malt extract: After 5 days at 25° C. cells are 
oval or round, some of them are “‘ogive’’-shaped, (2,5—4,5) x (2,5—11) uw: 
also many cells are elongate like pseudo- 
mycelium cells (Fig. 164). A sediment and 
islets are formed. 

After 10 days at 15° C. a dry and 
wrinkled pellicle. 

In malt extract and on malt agar a 
characteristic flavor develops. 

Streak culture on malt agar: 
After 8 days at 15° C. light yellow to 
yellow, dull, weak, with a wrinkled margin, 
hardly spreading. 

After 6 weeks at 15° C. white to light 
yellow to salmon-colored, dull, weak, 
infrequently grained, hardly spreading. 

Streak culture on malt agar 
with calcium carbonate: After 6 weeks at 15° C. cream- 
yellow, dull, weak, almost smooth, acid produced. ; 

Slide cultures: On potato agar little pseudomycelium and few 
blastospores have developed (Fig. 165). 





Fic. 164 — Br. lambicus 
After 5 days in malt extract 


Fermentation: Glucose + Maltose +- 
Galactose — Lactose — 
Saccharose -- Raffinose — 
Sugar assimilation: Glucose + Maltose + 
Galactose +- Lactose — 


(very weak) 
Saccharose +- 
Acid production from glucose (according to standard 
method): Positive. 
Assimilation of potassium nitrate: Positive. 
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Ethanol as sole gs 
ource of carbon: Mod e to li 
a erate to little 
e Origin of the strains studied 


CusTERS (1940) isolated 4 strains is i 
ate s of this species from a lambi i 
me strain, labeled Le VI, has survived. ata hee 





Fic. 165 — Br. lambicus 
Slide culture, potato agar 


3. BRETTANOMYCES ANOMALUS CUSTERS 


6 Original description and historical survey 


Cusrers (1940) isolated this yeast from bottled stout. It has the property to 
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ferment lactose but not maltose. Since this is a rather remarkable characteristic 
for a beer yeast Custers named it Brettanomyces anomalus. 
The standard description is based on CustTERs’ description which is, therefore, 


omitted. 


y Standard description of Brettanomyces anomalus 


Growth in malt extract: After 5 days at 25° C. cells are 
oval or elongate, some are “‘ogive’’-shaped, many elongate cells resemble 
a true mycelium (Fig. 166). The culture 
is mucous; no pellicle. 

After 10 days at 15° C. a sediment 
and a very thin pellicle; the culture is 
mucous. 

In malt extract and on malt agar a 
characteristic flavor develops. 

Streak culture on malt 
agar: After 8 days at 15° C. white, 
in the center rough and weak, margin 
with delicate projections. 

After 6 weeks at 15° C. light yellow, 
half-dull, in the center rough, margin 
with thin, closely coherent projections. 

Streak culture on malt 
agar with calcium carbo- 
nate: After 6 weeks at 15° C. dark iG 





. 166 — Br. anomalus 
brown, dull, in the center rough and After 5 days in malt extract 


weak, margin hard, coherent, grained. 
Slide cultures: On potato agar slender, elongate, branched 
cells resembling a one-celled mycelium (‘‘blastese’’) 1) (Fig. 167). 


Fermentation: Glucose + Maltose — 
Galactose +- Lactose + 
Saccharose — 
Sugar assimilation: Glucose + Maltose — 
Galactose +- Lactose + 


Saccharose + 


Acid production from glucose (according to standard 
method): Positive. 


*) The term blastese was introduced by LANGERON and GUERRA (1939 —’40) 
to designate the pseudo-germination of blastospores. Very long, non-septate hyphae 
are formed. In Br. anomalus we have a very obvious case of blastese. 
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Assimilation of potassium nitrate: Positive. 
Ethanol as sole source of carbon: Rather abundant 


rowth. 


e Origin of the strains studied 


Only 1 strain was studied. 
CusTERS (1940) isolated it from bottled stout of Bass & Co., Burton on Trent 


England). 





Fia. 167 — Br. anomalus 
1000 x 
Slide culture, potato agar 
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4, BRETTANOMYCES CLAUSSENII CUSTERS 


6 Original description and historical survey 


CusTERS (1940) created this new species for an organism received from KUFFERATH. 
It is probably one of the strains isolated and described by ScH1é6nNING (1907 —’09). 

Since the standard description is based on CustERs’ description of this species 
the latter is omitted here. 


y Standard description of Brettanomyces claussenii 


Growth in malt extract: After 5 days at 25° C. cells are 
oval, usually “‘ogive’’-shaped; most cells measure (3—4) x (4—12) U3 
a few cells are longer; cells are single or in pairs (Fig. 168). A sediment 
is formed but no pellicle. 

After 10 days at 15° C. no pellicle. 

In malt extract and on malt agar a characteristic flavor develops. 





Fic. 168 — Br. claussenii Fic. 169 — Br. claussenii 
After 5 days in malt extract 1000 x 
Slide culture, potato agar 


Streak culture on malt agar: After 8 days at 15° C. 
whitish-yellow, glistening, weak, smooth, hardly spreading. 

After 6 weeks at 15° C. yellow, glistening, weak, smooth. hardly 
spreading. 

Streak culture on malt agar with calcium ecar- 
bonate: After 6 weeks at 15° C. salmon-colored, glistening, weak. 
smooth, acid produced. . 
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Slide cultures: On potato agar very little pseudomycelium 
levelops. Generally some elongate cells are formed (Fig. 169). 


Fermentation: Glucose + Maltose ++ 
Galactose -+- Lactose + 
Saccharose + Raffinose + 14 
Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose + 


Saccharose ++ 
Acid production from glucose (according to standard 
method): Positive. 
Assimilation of potassium nitrate: Positive. 
Ethanol as sole source of carbon: Rather abundant 
srowth. 


6 Discussion 


The results of the fermentation tests with this yeast are very remarkable 
since all the sugars tested were fermented. 
Br. claussenii forms an interesting exception to the empiric fermentation 
rule for yeasts according to which a yeast species able to ferment maltose 
never ferments lactose. SCHIGNNING (1907—’09) already found the same 
fermentation results for a group of Brettanomyces strains designated by 
him as Torula B. Most probably the yeast studied by CustTErs is one of 
the strains ScH1éNNING reckoned to his Torula B. 


e Origin of the strains studied 


Only 1 strain was studied. 

This strain came in 1931 from KurreratTH (Brussels) who received it from 
Kiécker. Probably it is one of the strains isolated and described by SCHIONNING 
(1907 —’O9). 


ge. SUMMARY 


A diagnosis of the genus Brettanomyces has been given. 
Custers’ classification has been followed. 
The 10 strains studied were all, with one exception, isolated from 
English, Belgian or Dutch beers. Only one strain was directly isolated 
from nature. 

Originally 17 strains were present in the collection. They were classified 
in four species and two varieties. Several of these strains died during 
the war, among them all the strains belonging to Br. bru«ellensis var. 





lentus. 
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A key to the species has been given. 
Br. bruxellensis is the type species of this genus. 
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Genus 5. CANDIDA Berkhout 


a. DIAGNOSIS OF THE GENUS 


Cells of varying shape. Reproduction by multilateral budding. Chlamy- 
dospores may be present. Pseudomycelium more or less abundantly 
developed; besides true mycelium may occur. The blastospores may be 
attached to the pseudomycelium in a way typical of the species. 

In liquid media bottom growth, often ring formation and often a pellicle. 

Besides an oxidative dissimilation, in many species also a more or less 
strong fermentative dissimilation. 


b. THE TYPE SPECIES OF THE GENUS 


Candida albicans (Robin) Berkhout has been designated by DippENS 
and LoppER in 1942 to be the type species of the genus. 


c. HISTORICAL SURVEY OF THE GENERIC NAME 


BerKuHovr created in 1923 the genus Candida for those yeast-like fungi 
which were unjustly incorporated in the genus Monila. She gave a 
rather vague diagnosis which, translated from the Dutch, runs as follows: 
‘Few hyphae, prostrate, breaking up into shorter or longer pieces. Conidia, 
arising by budding from the hyphae or on top of each other, are small 
and hyaline’. 

At the present time nearly all scientists working in this field agree that 
the name Monilia should be reserved for the conidial stage of representa- 
tives of the genus Sclerotinia, and for that of the species belonging to the 
genus Neurospora, and that in future Monilia so widely misused in 
medical mycology, should be avoided in yeast taxonomy. There has, 
however, been some difference of opinion regarding the generic name 
which should be used instead. 

The three most important names which come into consideration are 
Syringospora Quinquaud, Mycotorula Will and Candida Berkhout. " 

QuUINQUAUD gave in 1868 under the name of Syringospora robini a 
fairly clear description of the organism formerly described by ROBIN as 
Oidium albicans. He already understood that the name Oidiwm could not 
be used in this connection since the genus Oidium includes the conidial 
stage of the Erysiphaceae. As QurxquauD mentioned endospores in his 
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description of Syringospora robinii he may, however, have dealt with a 
sporogenous yeast. 

Witt created in 1916 the genus Mycotorula for representatives of 
asporogenous yeasts with a pseudomycelium. In the diagnosis of his genus 
he emphasized the absence of a true mycelium. Further, the blastospores 
should be formed in verticils at the apex or at the sides of the pseudo- 
mycelial cells. 

It was not easy to decide which name should be chosen since each name 
has its pros and cons. LANGERON and GUERRA (1938) preferred the name 
Candida and their choice has been propagated by DrppEns and LoppzrR 
(1939 a). They stressed that the rather vague way in which BerKHout 
described her genus left room for the wide limits they wanted to allow 
their genus. In harmony with Brrkuout’s diagnosis it is possible to 
include in the genus organisms with both pseudo- and true mycelium and 
with varying ways of arrangement of blastospores. 

At an informal meeting at the Third International Microbiological 
Congress in New York in 1939 those interested in these problems agreed 
to use the name Candida. But such a mutual agreement has no authority: 
a final decision is vested in a Botanical Congress. A proposal to accept the 
name Candida as “nomen conservandum”’ has been made by BENHAM 
and was presented to the Seventh International Botanical Congress held 
in 1950 at Stockholm (Lansouw 1950). This proposal is studied by an 
authoritative committee. 

In the mean time Candida is generally accepted, although not always 
with full approval (SKINNER 1947). 


d. SURVEY OF THE SPECIES ACCEPTED IN THE GENUS 


The genus Candida includes 30 species with 6 varieties which follow in 
chronological sequence: 


1. Candida albicans (Robin) Berkhout 1853 
Candida mycoderma (Reess) nov. comb. 1870 
Candida pulcherrima (Lindner) Windisch 1901 
Candida krusei (Cast.) Berkhout 1910 
5. Candida mesenterica (Geiger) Diddens et Lodder 1910 
6. Candida tropicalis (Cast.) Berkhout 1910 
Candida tropicalis (Cast.) Berkhout var. lambica (Harrison) 
Diddens et Lodder 1942 
7. Candida pseudotropicalis (Cast.) Basgal 1911 
Candida pseudotropicalis (Cast.) Basgal var. lactosa (Harrison) 
Diddens et Lodder 1942 
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guilliermondii (Cast.) Langeron et Guerra 1912 
guilliermondii (Cast.) Langeron et Guerra var. 
membranaefaciens nov. var. 

humicola (Daszewska) Diddens et Lodder 1912 
rugosa (Anderson) Diddens et Lodder 1917 
reukaufii (Griiss) Diddens et Lodder 1918 
macedoniensis (Cast. et Chalmers) Berkhout 1919 
zeylanoides (Cast.) Langeron et Guerra 1920 
pelliculosa Redaelli 1925 
pelliculosa Red. var. cylindrica Diddens et Lodder 1942 
utilis (Henneberg) nov. comb. 1926 
lipolytica (Harrison) Diddens et Lodder 1928 
parapsilosis (Ashf.) Langeron et Talice 1928 
parapsilosis (Ashf.) Langeron et Talice var. 

intermedia van Rij et Verona 1949 
intermedia (Cif. et Ashf.) Langeron et Guerra 1929 
brumptit (Langeron et Guerra) Langeron et Guerra 1935 
stellatoidea (Jones et Martin) Langeron et Guerra 1937 
catenulata Diddens et Lodder 1942 
japonica Diddens et Lodder 1942 
melinit Diddens et Lodder 1942 
robusta Diddens et Lodder 1942 
scottii Diddens et Lodder 1942 
tenuis Diddens et Lodder 1942 
curvata (Diddens et Lodder) nov. comb. 1942 
claussenit Nov. spec. 
solani nov. spec. 
melibiost nov. spec. 
melibiosi nov. spec. var. membranaefaciens nov. var. 


KEY TO THE SPECIES OF THE GENUS CANDIDA 


la 


Sugar fermentation (2) 
No sugar fermentation, or a very weak fermentation (19) 
Only glucose fermented (3) 
Ferments glucose and galactose (7) 
Ferments glucose and saccharose . (9) 
Ferments glucose and maltose (10) 
Ferments glucose, galactose and saccharose (11) 
Ferments glucose, galactose and maltose (14) 
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g Ferments glucose, saccharose and maltose, all very weakly 


C. melinit (3c, 10b, 22a). > +t « ane se 
h Ferments glucose, galactose, SE ro maltose (15) 
i Ferments glucose, galactose, saccharose and lactose 

C. pseudotropicalis. . . . . ity <i eae 


C. pseudotropicalis var. aan 


3a Only glucose assimilated 


C. kruser. . . - . . p. 495 
b Glucose, galactose and mele eure fermentation 
very weak 
C. brumpti (19c) . . . . Sus: 2 Dobe 
ec Glucose, saccharose and maltose pasilavedt fermentation 
Sh C.-melinu (2g; 10b, 22a)... . ~ 2) 2 psb70 
d Glucose, galactose, saccharose and maltose assimilated (4) 


4a Early formation of a dry and dull creeping pellicle in 
young malt extract cultures; galactose weakly assimilated 
Caplan: (OD) 0-2 ae an eee fe Niet ed ee 

b No dry and dull pellicle on young male pratt cultures (5) 


5a Under special conditions forming a red non-carotenoid 
pigment; “‘pulcherrima”’ cells 
C. pulcherrima (8a) .......2... p. 488 
b No pigment formation (6) 


6a Cells in young malt extract cultures small, (2,5—5) x 
(4—8) «; pseudomycelium of the “Mycocandida” type 
C. parapsilosis (8b, 12a, 17d). . . . . . p. 555 
C. parapsilosis var. intermedia 
b Cells in young malt extract cultures larger, (3—5,5) x 
(7,5—13) u; pseudomycelium not very well developed; 
“cross’”’- or “‘aeroplane’’formations in honey solution 


C, POURPUPIR i 4 og. ma ee ta p. 532 
7a Glucose and galactose assimilated; a thin pellicle on malt 
extract 
C. catenulata. . . . . « 2° pa BET 
b Glucose, galactose, saccharose and faxtbons assimilated (8) 


¢ Glucose, galactose, saccharose, maltose and_ lactose 
(weakly) assimilated 
CERNE ee ot ie ieee eee p. 575 
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Under special conditions forming a red, non-carotenoid 
pigment; ‘“‘pulcherrima”’ cells 

Ge pulcherrima:(0a) 20. ee a sp. 488 
No pigment formation; pseudomycelium of the ‘“Myco- 
candida” type 

C. parapsilosis (6a, 12a, 17d)... . . . p. 555 

C. parapsilosis var. intermedia 
Saccharose and raffinose fermented; no pellicle on malt 
extract; nitrate assimilated 

CG, utlis . . 2 Pa mes «825. 
Saccharose very weakly eas Seyiake ee AGE femhentads early 
formation of a dry, dull, creeping pellicle on malt extract; 
nitrate not assimilated 

CO. solamt (4a)... ... tee ha Don 
Saccharose and raffinose fermented ; eemeten of a pellicle 
variable; nitrate not assimilated 
Strong fermentation; saccharose not assimilated; blasto- 
spores in clusters; pseudomycelium of the ‘““Mycotorula”’ 
type 

C. stellatowdea. . . .. . . a Dee 
Weak fermentation ; Pecheries oun arab pseudo- 
mycelium thin; blastospores in verticils or in chains 

Cy melansi: (2g, 30,°22a) 30.5.0. ee bTO 
Glucose, galactose, saccharose and maltose assimilated 
Glucose, galactose, saccharose and lactose assimilated 

C. macedoniensis .....+..-+ +++ + p. 536 
Pseudomycelium of the ‘““Mycocandida”’ type; galactose 
and saccharose weakly fermented; raffinose not fermented 

C. parapsilosis (6a, 8b, 17d)... . - + p- 555 

C. parapsilosis var. intermedia 
Pseudomycelium of the ““Blastodendrion” type; galactose 
may be weakly fermented; saccharose is rather strongly 
fermented; raffinose fermented 
Melibiose not fermented 


C. guilliermondu . . . . . p. 520 
C. guilliermondii var. peniveaiaekteed 
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b Melibiose fermented 
C. melibiost . . . . ~.: - eeeee 
C. melibiosi var. Bape 3h hd le 


14a Pseudomycelium well developed, generally of the ‘““Myco- 
torula”’ type; chlamydospores; cells in malt extract round 

to short-oval 
C. albicans (17b) . ... . aren 7! | 
b No clear difference between hlastosrre: and pseudo- 
mycelium cells; cells in malt extract oval to long-oval 
Ce ClUUsBEN a 3 4 ee ee ee ee 


15a Glucose, galactose, saccharose and maltose assimilated (16) 
b Glucose, galactose, saccharose, maltose and lactose assimi- 
lated; pseudomycelium of the ‘“Blastodendrion”’ type or of 
the ““Mycocandida”’ type 


C. UnerMednd ys 2 2 Aue  e eeD 
l6a_ Nitrate assimilated 
C. pelliculosa. . . . eer Aaa fie igs 2 
C. pelliculosa var. DAR SF reo? 
b Nitrate not assimilated (17) 


17a Saccharose strongly fermented; cells in young malt extract 
cultures large, (5—9) x (6—12) mw; no chlamydospores (18) 
b Saccharose very weakly fermented; cells in young malt 
extract cultures smaller; chianiedoanies 


C. albicans (14a) . . . . ‘ Scere 
ec Very slight fermentation of Palos satohangees slowly 
but well fermented (13) 
d Very slight fermentation of saccharose and maltose 
C. parapsilosis (6a, 8b, 12a)... . . p. 555 


18a Pseudomycelium well developed, of the ‘““Mycotorula”’ 
‘“Mycotoruloides” or ‘‘Candida”’ type 
C. tropicalis. . . . . IE A See 
C. tropicalis var. annie 


b Pseudomycelium primitiv ely developed, branched chains 
of blastospores 


> 


C. robusta SR S'S oak oe, Oh egg 


19a Only glucose assimilated (20) 
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Glucose and galactose assimilated 

FP TUgORE 4: <. a eskes, ya Der boo 
Glucose, galactose and ntinee Aauiviited occasionally 
weak fermentation of glucose 

i. byumpits (3b), .°... . . . p: 562 
Glucose, saccharose and maltose meetinilateds 
Glucose, galactose, saccharose and maltose assimilated 

Li SCOIee 4 ts... SUES a 5 Dot Sn De 
Glucose, galactose, saccharose, Mate dae and lactose 
assimilated 


Karly formation of a pellicle in malt extract cultures 
No early formation of a pellicle in malt extract cultures 
Se eOUaNdee gti Gee oe et ok ay ee, “Pn AU 


Cells oval or cylindrical; no true mycelium; milk not 
clotted; occasionally very weak fermentation of glucose 


C. mycoderma... . MAL oepPetso 
Cells not cylindrical; milk peptonized 
C. lipolytica. . . . ste fk reat tes ee 


Pseudomycelium and blastospores thin and delicate, cells 
in young malt extract cultures small, (2—4) x (3—6) uw 

Cimelsniu (29,/ 3c, L0bp s f . 3) DS Beery 
Pseudomycelium and blastospores larger; cells from 
young malt extract cultures longer 


Pellicle on malt extract; cells from these cultures slender, 
(2,5—4,5) x (6—13) mw; blastoconidia; growth on malt 
agar not mucous 

C. mesenterica. . . . Rison te beatae 
No pellicle on malt extract; Pie aly larger, (6—10,5) x 
(6—20) w; growth on malt agar mucous 


OM IeRORICd. 902 gehts. ee es + es De 569 
On malt extract a thick, yellowish, folded pellicle 
C. humicola . p- 526 


On malt extract a thin, der. nih hits. sHightly wrinkled 


pellicle 


fe onigks i) ok eke ee Pp. OTT 
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(24) 


(21) 


(23) 
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f. SYSTEMATIC DISCUSSION OF THE VARIOUS SPECIES 
1. CANDIDA ALBICANS (ROBIN) BERKHOUT ?) 
a Synonyms ”) 


Oidium albicans Robin (1853) 

Saccharomyces albicans (Robin) Reess (1877) 

Dematium albicans (Robin) Laurent (1889) 

Monilia albicans (Robin) Zopf (1890) 

Parasaccharomyces albicans (Robin) Froilano de Mello et Gonzaga Fernandes (1918) 
Myceloblastanon albicans (Robin) Ota (1928) 

Mycotorula albicans (Robin) Langeron et Talice (1932) 
Syringospora albicans (Robin) C. W. Dodge (1935) 
Syringospora robinit Quinquaud (1868) 

Saccharomyces tumefaciens-albus Foulerton (1900) 

Monilia tumefaciens-alba (Foulerton) Ota (1924 a) 
Myceloblastanon tumefaciens-album (Foulerton) Ota (1928) 
Endomyces pinoyi Cast. (1912 a) 

Monilia pinoyi (Cast.) Cast. et Chalmers (1913) 
Myceloblastanon pinoyi (Cast.) Ota (1928) 

Blastodendrion pinoyi (Cast.) Langeron et Talice (1932) 
Mycotorula pinoyi (Cast.) Saggese (1934) 

Monilia decolorans Cast. et Low (1913) 

Myceloblastanon decolorans (Cast. et Low) Ota (1928) 
Castellania decolorans (Cast. et Low) C. W. Dodge (1935) 
Monilia psilosis Ashf. (1917) 

Myceloblastanon psilose (Ashf.) Ota (1928) 

Candida psilosis (Ashf.) de Almeida (1933) 

Syringospora psilosis (Ashf.) C. W. Dodge (1935) 
Parasaccharomyces ashfordi Anderson (1917) 
Myceloblastanon ashfordi (Anderson) Ota (1928) 

Monilia .alba Cast. et Chalmers (1919) 

Castellania alba (Cast. et Chalmers) C. W. Dodge (1935) 


Monilia -metalondinensis Cast. et Chalmers var. alba (Cast. et Chalmers) Cast. 
(1937) 


Monilia metalondinensis Cast. et Chalmers (1919) 

Candida metalondinensis (Cast. et Chalmers) Berkhout (1923) 
Myceloblastanon metalondinense (Cast. et Chalmers) Ota (1928) 
Castellania metalondinensis (Cast. et Chalmers) C. W. Dodge (1935) 
Monilia nabarroi Cast. et Chalmers (1919) 

Myceloblastanon nabarroi (Cast. et Chalmers) Ota (1928) 

Castellania nabarroi (Cast. et Chalmers) C. W. Dodge (1935) 





') The name Candida albicans (Robin) Basgal (1931) 
(1935) has to be rejected, because of BERKHOUT’s publication in 1923. 
*) Cf. p. 471 for the Synonyms of the doubtful perfect stage. 


mentioned by C. W. Dope 
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oa. pinoy? (Cast.) Cast. et Chalmers var. nabarrot (Cast. et Chalmers) Cast. 
Monilia pseudolondinensis Cast. et Chalmers (1919) 
Castellania pseudolondinensis (Cast. et Chalmers) C. W. Dodge (1935) 
Monilia metalondinensis Cast. et Chalmers var. pseudolondinensis (Cast. et 
Chalmers) Cast. (1937) 
Monilia pseudolondinoides Cast. et Chalmers (1919) 
Castellania pseudolondinoides (Cast. et Chalmers) C. W. Dodge (1935) 
Monilia pseudometalondinensis Cast. et Chalmers (1919) 
Castellania pseudometalondinensis (Cast. et Chalmers) C. W. Dodge (1935) 
Cryptococcus copellii Neveu-Lemaire (1921) 
Myceloblastanon copellii (Neveu-Lemaire) Ota (1928) 
Torulopsis copellii (Neveu-Lemaire) de Almeida (1933) 
Castellania copellii (Neveu-Lemaire) C. W. Dodge (1935) 
Myceloblastanon cutaneum Ota (1924 b) 
Monilia cutanea (Ota) Nann. (1934) 
[nee Monilia cutanea (de Beurm., Gougerot et Vaucher) Cast. et Chalmers 
(1913) and synonyms] 
Blastodendrion cutaneum (Ota) C. W. Dodge (1935) 
Myceloblastanon gruetzii Ota (1924 b) 
Oidiomyces unguium nom. nud. (Ota 1924 b) 
Onychomyces unguiwm nom. nud. 
Myceloblastanon favrei Ota (1925) 
Cryptococcus favrei (Ota) Poll. et Nann. (1930) 
Blastodendrion favrei (Ota) Langeron et Talice (1932) 
Candida favrei (Ota) de Almeida (1933) 
Monilia richmondi Shaw (1926) 
Castellania richmondi (Shaw) C. W. Dodge (1935) 
Monilia aldoi Pereira Filho (1927) 
Mycotoruloides aldoi (Pereira Filho) Langeron et Talice (1932) 
Candida aldoi (Pereira Filho) Cast. et Jacono (1933) 
Monilia periunguealis Nino (1930) 
Parendomyces periunguealis (Nino) C. W. Dodge (1935) 
Mycotorula periunguealis Nino (1938) 
Monilia alvarezsotoi Mazza et Nino (Mazza, Nifio, Quintana, Bernasconi 1931) 
Zymonema alvarezsotoi (Mazza et Nino) C. W. Dodge (1935) 
Mycotorula alvarezsotoi (Mazza et Nino) Nifio (1938) 
Blastodendrion erectum Langeron et Talice (1932) 
Mycotoruloides ovalis Langeron et Talice (1932) 
Mycotoruloides triadis Langeron et Talice (1932) 
Monilia triadis (Langeron et Talice) Cast. (1937) 
Candida triadis (Langeron et Talice) Langeron et Guerra (1938) 
Blastodendrion oosporoides Zach (Wolfram und Zach 1933) 
Parasaccharomyces oosporoides (Zach) C. W. Dodge (1935) 





Cryptococcus pinoyisimilis Cast. (1933) 

Blastodendrion pinoyisimilis (Cast.) Cast. et Jacono (1933) 
Candida pinoyisimilis (Cast.) Cast. et Jacono (1933) 
Monilia pinoyisimilis (Cast.) Cast. et Jacono (1933) 
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Mycocandida pinoyisimilis (Cast.) Red. et Cif. (Ciferri e Redaelli 1935) 

Candida desidiosa Cif. et Red. (1935) 

Mycoderma desidiosum (Cif. et Red.) C. W. Dodge et Moore (1936) 

Candida mycotoruloidea Red. et Cif. (Ciferri e Redaelli 1935) 

Parasaccharomyces colardi C. W. Dodge (1935) 

Syringospora negroni C. W. Dodge (1935) 

Mycotorula albicans (Robin) Langeron et Talice var. vuillemini (Landrieu) Red., 
Cif. et Cavallero (1939 b) 


6 Original description and historical survey 


An extensive historical survey of C. albicans has been given in “Die anasko- 
sporogenen Hefen, II Halfte’’. From this the principal facts will be summarized 
here. Moreover, we refer to two publications, viz. ‘“‘Zimologia medica” by J. E. 
MACKINNON issued in Montevideo in 1946 and ‘‘The yeast-like fungi: Candida and 
Brettanomyces” by C. E. SKINNER (1947). 

Rosin (1853) was the first to name the thrush-fungus, z.e. Oidium albicans. 
Although not in pure cultures he cultivated it in a primitive way. Moreover, he 
studied the thrush-fungus from the mucous membrane of the mouth, the throat 
and the esophagus of babies and adults affected with thrush. He gave the following 
description : 

The organism forms a sheating layer which consists of hyphae (‘‘filaments 
tubuleux sporiféres’’) and blastospores (‘‘spores’’) which are round or oval. The 
cylindrical long hyphae are either straight or curved, and measure (3 —4) x (50 —500 
to 600) uw. They consist of long cells, usually to 20 uw long. The lower cells of the 
hyphae are often longer (to 40 ~) whereas the terminal cells are shorter (about 
10 «). The hyphae are all branched in a simple way. The mycelium cells are somewhat 
constricted at the septa being formed by the rounded ends of two adjoining cells. 
It is there that lateral branches arise. Sometimes the hyphal cells contain 2, 3 or 4 
oval bodies which have walls more refractive than those of the other cells !). The 
lower part of a filament is usually covered by clusters of spores. A hypha originates 
from a germinating round spore. The end of the hypha is rounded or consists of 
a round or oval cell, larger (5—7 m) than the other cells and separated from them 
by a deep constriction. 

QUINQUAUD (1868) criticized the fact that Roprn had included this organism in 
the genus Oidiwm. He gave a somewhat more detailed description, from which 
we quote: 

Fhe spores which are generally oval, occasionally arise at the ends of the 
mycelial hyphae, usually they grow laterally on the hyphae. They propagate by 
budding. Besides these spores bigger cells were observed which finally take a curved 
shape and, when they are still attached to the mycelium, contain two little spores 
which can germinate, 

In the days of Rosin and QuINQuUAUD pure cultures were not yet known. There- 


1) The author does not state that these cells are ascospores although he considers 
them later on as “‘des spores qui commencent a se développer’’. Rosrn’s figure, 
however, makes it clear that these cells are no ascospores. Probably he has taken 
vacuoles or elongate oildrops for spores. 
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fore, it is not impossible that mixed cultures have been used. Moreover, it was at 
those times generally assumed that only one organism was to be found in thrush. 

CASTELLANI (1914), however, made it clear by using biochemical reactions that 
several spécies can be isolated from thrush cases. Consequently he had to modify 
the conception of the species albicans which he named Monilia albicans, following 
Zorr (1890). He gave the following description : 

In broth a thin pellicle is formed. The growth on glucose agar is white. Gelatin 
is liquefied. Glucose, fructose, galactose and maltose are fermented, but not 
saccharose and lactose. Litmus milk becomes acid and is clotted. 

Later CAsTELLANI and CHatmers (1919) added to this description that besides 
in liquid media with the fermentable sugars also in media with saccharose acid 
was formed. 

Although CasTELLAnt’s classification was a great help in identifying Monilia 
wbicans and related organisms he had separated strains into different species on 
characteristics of too little importance and which were often rather unstable, as 
iquefaction of gelatin, clotting of milk, acid formation in milk, etc. The result 
was that a flood of species appeared which could not be clearly distinguished from 
each other. 

Although biochemical methods were mainly used in the identification of albicans 
morphological characteristics too had been recognized very early, especially the 
yppearance of ball-like clusters of blastospores and the formation of chlamydospores 
LAURENT 1889; DatrEuvA 1899). 

It is, however, due to BenHAm (1931, 1932), LaANGERON and Taticr (1932), 
TALIcE and MACKINNON (1933), LANGERON and GUERRA (1938), CIFERRI, REDAELLI 
ind CAVALLERO (1938) and many others that we have got a clearer insight into the 
ronception of the species C. albicans. 

We can summarize their descriptions which concern in particular freshly isolated 
trains, as follows: 

Morphology: Pseudomycelium and occasionally true mycelium is formed, 
sually in the solid medium. The blastospores are often arranged in ball-like 
ae (type ‘“‘Mycotorula’’), but there may also be other arrangements. Chlamy- 
lospores are nearly always formed, sometimes intercalary but usually terminally. 
fhe growth on agar cultures is smooth and pasty. 

Physiology : Glucose and maltose are fermented, but not saccharose and lactose. 
some strains may show a very slight fermentation of saccharose. Galactose is 
ecasionally fermented. There is growth with glucose, galactose, saccharose and 
haltose as sole source of carbon, but not with lactose. 

C. albicans is generally considered as a pathogen for men and animals. It has 
een found almost exclusively in the human or animal body. Only one exception 
as reported by Skinner: in 1941 Necroni and FISCHER had isolated from 
ecomposing fruits and vegetables an organism which they identified with C. aldoz, 





synonym of C. albicans. 
NEGRONI (1936 b) was the first to discover a capsule in C. albicans and in many 
ther yeasts by staining it according to the method developed by Hunton. The 
apsule contains a polysaccharide compound which had already ogi isolated by 
ther investigators. (KESTEN et al. 1930, 1931, 1932; YEN and KUROTCHIN 1935). 
t plays an important part in immunological reactions. According to MacER and 
SCHNER (1947) no “starch” was produced in the capsule of C. albicans. 
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Immunological reactions attempted by various investigators for the identification 
of C. albicans were not of great help (STonE and Garrop 1931; ALMON and STOVALL 
1934; Lams and Lams 1935; FISHER and ARNOLD 1936; Martin 1942). 

In spite of the rather uniform conception of C. albicans the organism was 
described under many different names. This is partly due to the facts that the 
organism was isolated from sources so widely divergent, that often no pure cultures 
were studied, that too much value was attached to unstable and unimportant 
characteristics, that very different methods were used to determine the various 
characteristics and last but not least to the great variability which this organism 
can show. 

When considering this variability we must clearly distinguish between: A. the 
morphological variation due to various environmental conditions (environmental 
variations according to Mackinnon) and B. the more permanent changes in 
morphology which can develop gradually or suddenly and which are nearly always 
irreversible. 

An extensive paper by WIcKERHAM and RerrTceErR (1939) has especially informed 
us on the first type of variation. They studied the influence of oxygen tension, 
culture medium and temperature on the production of blastospores and chlamy- 
dospores and on the development of the hyphae. They found that generally an 
abundance of oxygen retards the production of hyphae and stimulates the growth 
of blastospores. On rich media no aerobic hyphae were formed and only a few in 
the medium. The number of chlamydospores was also reduced. Temperatures of 
30° C. and 37° C. inhibited the formation of chlamydospores and in certain strains 
the tendency to form blastospores in clusters was lost; also the size of the 
blastospores was changed. However, not all the strains responded to these factors 
to the same degree. 

A real flood of papers (MACKINNON 1936 a, b, 1940, 1946; Mackinnon and 
ARTAGAVEYTIA-ALLENDE 1945; NEGRONI 1935, 1936a; CASTELLANI 1938; BESTA 
1938; CAVALLERO 1938, 1938—’39; LANGERON et GUERRA 1939—’40b and 1941; 
REDAELLI, CIFERRI e CAVALLERO 1939 a; MICKLE and JonEs 1940; Conant 1940) 
have appeared on the second type of variation. We are not going to discuss all 
these papers. This has been done in an excellent way by MAcKINNON and by 
SKINNER in their papers previously mentioned. We shall only summarize the 
quintessence of this problem. 

Variations from the S-form of C. albicans to the R-form were repeatedly reported. 
The R-form (or M-form, “‘formas membranosas”’ as MACKINNON named it at first) 
is characterized by an extensive mycelial development whereas the production 
of blastospores has regressed. In contrast with the S-form the R-form forms a 
heavy pellicle on liquid media and shows a reduced virulence for rabbits. All kinds 
of transitions from S-form to R-form may appear. MACKINNON, therefore, used the 
expression variation directions (‘‘direcciones de variacion’’). 

Besides this R-modification MAcKINNON reported the appearance of “lethal” 
forms, so called because of their tendency to die in culture unless transferred 
frequently. These “‘lethal’’ forms show no virulence at all for rabbits. MACKINNON 
oan — that the “lethal” form is different from the R-form. He even observed 

lethal” S- and “lethal” R-forms. These modifications are partly induced artificially, 
partly occur spontaneously. . 


MACKINNON reported that nearly all his variants were irreversible, This was 





Candida albicans 


Cu. VII, § 2] SUBFAMILY CRY PTOCOCCOIDEAE 471 


confirmed by several investigators, whereas others observe 
were reversible or partly reversible. 

The S-form is generally considered as the normal form. It seems that as a rule 
all freshly isolated strains of C. albicans show the S-form. 


d that their variants 


From the list of synonyms it is clear that CG. albicans was included in various 
genera. BERKHOUT (1923) was the first to bring it into her genus Candida. She, 
however, did not contribute much to a better conception of this species. 

Candida albicans was described also under many different specific names. We 
will not enter into the history of all these names. Most of them are now generally 
accepted as synonyms of C. albicans. 

VUILLEMIN (1898, 1899) reported to have observed ascospores. Later ascospore 
formation has been described also by OKABE (1929). Other authors, however, who 
studied C. albicans most carefully never observed any spore formations. It is now 
generally assumed that these early observations were not interpreted correctly 
and that C. albicans is an anascosporogenous yeast. 

It is for this reason that we did not insert the names given to this supposed perfect 
stage in our list of synonyms. Some of them will follow here: 

Endomyces albicans Vuill. (1898) 

Endomycopsis albicans (Vuill.) Dekker (Stellng—Dekker 1931) 

Endomyces vuillemini Landrieu (1912) 

Guilliermondella vuillemini (Landrieu 1)) C. W. Dodge (1935) 


In “Die anaskosporogenen Hefen, II Hialfte” C. stellatoidea was included in 
C. albicans as a variety. This variety, which shows great similarity to C. albicans, 
mainly differs from it in that galactose is not fermented, that saccharose is not 
assimilated, that it forms “‘stellata’’ colonies surrounded by a green zone on ordinary 
blood agar and that it shows no pathogenicity for animals. 

MACKINNON in a letter drew our attention to the fact that DippENs and LopDER 
had not been acting consistently in classifying the stellatoidea strains as a variety 
to C. albicans, because in similar cases they had used the same kind of differences 
to separate species. We agree in this with MacKINNoN and, therefore, we will now 
consider Candida stellatoidea as a separate species. 


y Standard description of Candida albicans 


Growth in malt extract: After 3 days at 25° C. cells are 


Fic. 170 — C. albicans 
After 3 days in malt extract 





1) Dopee cited incorrectly LINDAU. 
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usually round or short-oval, seldom elongate, often highly refractive 
(Fig. 170). According to the size of the cells three groups can be 
distinguished, although transitions may occur. The first group shows the 
smallest cells, measuring (2—5) xX (3—7,5) uw. The second group, to 
which the greater part of the strains belong, shows cells from (3—6,5) x 
(3,5—12,5) yu. The largest cells, belonging to the third group, measure 
(83—8,5) x (5—14) w. A sediment is formed. 

After one month at 17° C. a sediment and a thin ring. 

Streak culture on malt agar: After one month at 17° C. 
the color of the streak culture is cream to yellowish-cream, at the bottom 
of the tube with a somewhat reddish tinge. The color is usually deeper in 
the middle and at the bottom of the tube; rarely does the cream color 
change into a greenish tone. The streak culture is soft, glistening, rather 
flat; it is rarely tough, dull and raised. Either the surface is quite smooth 
or it shows small pimples at the bottom of the tube, in the middle or on 
the whole surface. In most strains the margin is smooth and under the 
streak strands of hyphae grow into the agar; hyphae rarely develop at the 
surface surrounding the margin. Besides this appearance very rarely 
strains occur with a tough, raised, almost dull streak culture of a yellow 
color with a reddish tinge and a surface which is folded or wrinkled 
(R-modification). In the ordinary soft cultures spots of the tough con- 
sistence may be found. 

Slide cultures: Generally there is a rich development of pseudo- 
mycelium; this may be formed not on the surface but in the medium. 
Besides pseudomycelium also true mycelium is produced. The development — 
of ball-like clusters of blastospores on the pseudomycelium (type 
“Mycotorula”’) is very characteristic of this species (Fig. 171). Blas- 
toconidia, too, are formed. They may be elongate and one or more 
blastospores can arise on them forming typical “‘blastospore clusters on 
stems’’. 

Very characteristic too, although not always present, are the large 
round chlamydospores which are formed usually terminally, but also 
intercalary, pleurally or in clusters. The thin-walled protochlamydospores 
on which the chlamydospores may arise are round, elongate or somewhat 
bottle-shaped to pear-shaped. 

It can also occur that in addition to this so characteristic aspect the 
blastospores are arranged in another way, viz. according to the types 
“Blastodendrion”, “Candida’’, ““Mycotoruloides”’ (Fig. 172). Moreover 
bare strands of hyphae may occur. 

Very seldom strains are found which do not show at all clusters of 
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eailae but which develop a coarse (pseudo) mycelium with hyphae 
of simple or branched chains of long cells which often adhere to each other 





Gen? 
O 
4, RD 





Fie. 172 — C. albicans 
Slide culture, potato agar 
(strain Blastodendrion oosporoides) 


Fie. 171 — C. albicans 
Slide culture, potato agar 


The production of blastospores is much reduced. Chlamydospores are rarely 
formed. The streak culture is tough and folded. This type clearly represents 
the R-modification. It may also be found besides the ordinary type in 


the same strain. 





Fermentation: Glucose + Maltose +- 
Galactose +- Lactose — 
(often weak) 
Saccharose — 


(seldom a few gas 
bubbles may develop) 
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Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose — 


Saccharose +- 

Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: No growth. 

Growth in litmus milk: A film is formed. The milk turns 
blue or is decolorized except the upper part of the tube which turns blue. 
The milk is usually not coagulated. 

Splitting of arbutin: Absent or very rarely a slight brown 
coloring. 


6 Discussion 


The descriptions given by most authors are in good agreement with ours. 

Some of the strains investigated by us had changed completely into 
the R-type, others only partly. These were all strains which had been 
kept for several years in the collection. Freshly isolated strains nearly all 
showed the smooth type. 


é Origin of the strains studied 


171 strains were studied. 

Besides the strains considered in ‘‘Die anaskosporogenen Hefen, II Halfte” 
numerous freshly isolated strains were since sent to the ‘‘C.B.S.’ for identification. 
They are all of human origin. Part of them will be mentioned here. 

We shall first deal with the 47 strains to which a name had been given when 
they were sent to the “C.B.S.”’; all were mentioned in ‘“‘Die anaskosporogenen 
Hefen, II Halfte’’. 

Only eight strains were either labeled Candida or Mycotorula albicans. 

Two of these strains were obtained from LANGERON (Paris), one in 1935, the 
other in 1937. Further details are not available. 

Two strains were received from Mackrnnon (Montevideo) in 1935. One, No. 493, 
had been isolated from the first case of the disease of GitcHrRIsT that occurred in 
Uruguay; the other strain, No. 572, came from a case of erosio interdigitalis 
(MACKINNON 1936 c¢). ‘ 

Three strains were sent by NerGroni (Buenos Aires), one in 1935 and two in 
1936. Of the first one no further details are available. The two other strains 
represented an R- and S-type; now they both belong to the R-type. These strains 
were amply discussed in NEGRONI’s publication (1936a). They are subcultures of 
one strain. Further details of that strain are not available. 

The last strain labeled Mycotorula albicans was received in 1939 from VERONA 
(Italy) and had been isolated from the feces of a boy. 

Of the 39 other labeled strains seven were received from OTA (Japan) from Paris 
in 1924. 


One was labeled Cryptococcus species ‘“‘Levure de Favre’. It had been isolated 
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by Favre and Ora (1923, Ora 1924a) from a case of a disease of the skin. This 
strain is fully converted to the R-type. 

Five strains were labeled Myceloblastanon cutaneum Ota, viz. strain “Doerr” 
isolated ‘by DoeERR (Switzerland) as thrush-fungus from a case of affection of the 
urinary and genital apparatus in a clinic for diseases of the skin at Bern; the strains 
“Fabry” 4 and 6 isolated by Fasry (Germany) from a case of erosio interdigitalis 
blastomycetica; the strains ‘‘Griitz” 241 and 266 isolated by Gritz (Germany) 
from a case of mycosis of the nails, 

The seventh strain, Myceloblastanon gruetzii Ota, had been isolated by Grttz 
(Germany) from a case of mycosis interdigitalis. 

In 1935 nine other strains were received from OTA (Japan). 

One strain, Cryptococcus copellii Neveu-Lemaire, is probably an authentic strain. 
According to Neveu—LemarrEe Cope.tr had isolated this strain from the tongue 
and from the toes in a case of blastomycosis. 

A second strain was labeled Saccharomyces tumefaciens-albus Foulerton. It is not 
certain whether this strain is the original one isolated by FouLERTON from cases 
of pharyngitis. 

A third strain, Myceloblastanon favrei Ota may be the same strain as the one 
sent by Ora in 1924 as Cryptococcus species ““Levure de Favre”. Ora (1925) renamed 
this strain Myceloblastanon favrei. 

Two strains were labeled Myceloblastanon species (No. 46 and No. 47). Both were 
isolated by Arsu (1935) from cases of blastomycosis of the skin. 

A sixth strain, Onychomyces unguium, was isolated by Fret (1921) in Germany 
from a case of nail mycosis. 

Two strains were mislabeled, respectively Trichosporon asahii Akagi and 
Trichosporon species strain 95. They neither belong to the genus T'richosporon, 
nor agree with the description given by AxKacr (1929). ; 

Finally a strain labeled “‘yeast of Grschebin” had been isolated from a case of 
GILcHRist’s skin blastomycosis. 

From LANGERON (Paris) seven strains were received. 

One came in 1927 and was labeled Parasaccharomyces ashfordi Anderson. Further 
details are not available. The strain so named by ANDERSON had been isolated 
from the intestine in a thrush case. 

A strain labeled Mycotorula psilosis (Ashf.) Langeron et Talice and received in 
1931 had been isolated by AsHFoRD (1915, 1916, 1917, LANGERON et TALICE 1932) 
from a case of sprue. 

A strain labeled Mycotoruloides ovalis Langeron et Talice also came in 1931. 
It had been isolated in 1927 by PrcHon at Coblenz (Germany) from a case of rhino- 
pharyngostomatitis of a French soldier of the Rhine army (LANGERON et TALICE 1932). 

A strain labeled Mycotoruloides triadis Langeron et Talice, received in 1931, 
had been isolated in 1925 in a hospital at Saumur from the sputum of a spahi 
affected with pleuropulmonary inflammations (Brocg-RovussgEv et al. 1927; LANGE- 
RON et TALice 1932). 

In 1934 a strain labeled Blastodendrion erectum Langeron et Talice was received 
via Baupet (Holland). It came originally from the collection SaBourauD and had 
been isolated from a case of thrush. 

In 1936 a strain, Mycotorula pinoyi (Cast.) Saggese, was received. No further 


details are available. 
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In the same year a strain labeled Mycotoruloides aldoi (Pereira Filho) Langeron 
et Talice was received. It originally came from TaLice (Montevideo) and had been 
isolated by PrrEerrA FirHo from the tongue in a case of macroglossia mycotica. 

Six strains were received from CrrerRI and (or) REDAELLI (Italy). 

One came in 1926 from REDAELLI labeled Mycotorula No. 75. It did, however, 
not correspond with the description given by REDAELLI in 1925. 

In 1934 a strain Candida desidiosa Cif. et Red. was received. It had been isolated 
from the diarrhoeal contents of the intestine of pigeons affected by experimental 
beri-beri. 

A strain labeled Candida mycotoruloidea Red. et Cif. also came in 1934. It was 
isolated from a case of tonsillo-pharyngitis. Nrynt and Frrrrpaupi (1934) made 
experiments on animals with this strain. 

In 1934 another strain labeled Mycocandida pinoyisimilis (Cast.) Red. et Cif. 
was received. CASTELLANI isolated it from the surface of a verrucuous skin disease. 

Of the strain labeled Mycotorula pinoyi (Cast.) Saggese, received in 1934, no 
further details are available. 

From the last strain, also sent in 1934 by the Italian authors and labeled 
Mycotorula verticillata Red. et Cif., a yeast was isolated identical with C. albicans, 
which probably was a contaminant. According to DippENs and LoDDER (1942) 
Mycotorula verticillata is not a yeast but belongs to the genus Hyalodendron. 

Two strains were received from NrNo (Buenos Aires). 

The first strain, Monilia periunguealis Nifio was received in 1933 and had been 
isolated from a case of onyxis and perionyxis. 

The second strain, Monilia alvarezsotoi (Mazza et Nifio ) Nifio came in 1939 and 
was isolated from a case of general blastomycosis. 

A strain labeled Monilia metalondinensis Cast. et Chalmers was received in 1926 
from CASTELLANI. Further details are not available. 

In 1933 a strain of Blastodendrion oosporoides Zach, isolated from a case of 
disease of the nails, was sent by Zacu (Vienna). 

In 1933 the “C.B.S.” received several strains of Torula histolytica (Cryptococcus 
neoformans) from WrIDMAN (U.S.A.). One strain, No. 2220, had been mislabeled 
and could be identified with C. albicans. 

In 1935 a strain labeled Monilia richmondi Shaw was received from the ‘‘A.T.C.C.”. 
It had been isolated by SHaw (1926, 1928) from the sputum in a case of clinical 
tuberculosis, 

A strain labeled Mycotorula sinensis Reiss was received in 1936 from the “‘N.C.T.C.” 
(London). The characteristics of this strain, however, did not agree with the 
description given by Rerss (1935). 

In the same year a Mycotorula species was received from WueEtzet (Berlin). It 
had been isolated by En1cK (1935) from a disease of turkeys and it was considered 
as the cause of an infectious disease (“blackhead’’) of poultry. 

Two strains labeled Endomyces albicans were received, one in 1912 from 
GUILLIERMOND (Paris) and one in 1928 from ZENDER (Switzerland). 

Most strains were sent to the “‘C.B.S.” unidentified. We will give a brief survey 
of the origin of these strains. 

Six strains were received in 1933 from NrXo (Buenos Aires). Two had been 
isolated from cases of glossitis blastomycetica, one from a case of onixis and 
perionixis blastomycetica. Of the three other strains no further details are available. 
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In 1935 and in 1939 strains were received from Murray (Canada). The first 
had been isolated from a fatal case of necrosing angina, the second from fluid 
obtained by puncture from the pleural cavity of a child. 

All the other unlabeled strains (116) were received from clinics, hospitals, medical 
institutes or private doctors in Holland. 

The greater part of these strains was received from OrIE whose thesis: “De 
aanwezigheid en de beteekenis van gisten in de luchtwegen” was published in 1946. 
All his strains were isolated from the mouth or the throat of normal or diseased 
people. 

From the 52 remaining strains 
29 were isolated from sputum, of which five in cases of mycosis of the lungs and 
one in a case of an ulcerous cavernous lung affection; 
three strains were isolated from the mouth, two in eases of stomatitis, one from 
a cyste; 
two strains were isolated from the tongue, one in a case of mycotorulosis generalisata ; 
one strain came from the tonsils; 
two strains from the throat, one of them from a case of encephalitis ; 
one strain was isolated from feces, one from urine, and one both from feces and urine; 
five strains were isolated from bile; 
four strains came from the skin; 
one strain was isolated from the head; 
one strain from crustae of the toes; 
one strain was isolated from the vulva. 


It is evident that all the strains of known origin were isolated either from men 
or from animals. As for those strains of which we could not trace the origin it is 
highly probable that they also are of human or animal origin either from the name 
with which they were labeled or from the character of the institute from which 
they were received. 


As type of this species the strain received in 1935 from Mackinnon 
(No. 572 of Mackinnown’s collection) has been maintained. 


2. CANDIDA MYCODERMA (REESS) NOV. COMB. 


a Synonyms ') 

Saccharomyces mycoderma Reess (1870) 

Mycoderma vini Desmaziéres sensu Lodder (Desmaziéres 1823, Lodder 1934) 

Mycokluyveria vini (Desm.) Ciferri et Redaelli (1947) 

Mycoderma cerevisiae Desmaziéres sensu Leberle (Desmaziéres 1823, Leberle 1909) 

Endoblastoderma amycoides Fischer et Brebeck (1894) 

Mycokluyveria cerevisiae (Desm.) Ciferri et’ Redaelli (1947) 

Mycoderma gallica Leberle (1909) 

Mycoderma valida Leberle (1909) 

Mycokluyveria valida (Leberle) Ciferri et Redaelli (1947) 

Mycoderma decolorans Will (1910) 

1) In the list of synonyms only the names are given of the strains studied. 
Probably other names could be added. 
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Mycokluyveria decolorans (Will) Ciferri et Redaelli (1947) 

Mycoderma vanlaeriana Lindner et Genoud (1913) 

Candida krusei (Cast.) Berkhout var. vanlaeriana (Lindner et Genoud) 
Diddens et Lodder (1942) 

Mycoderma tannicum Asai (1918) 

Mycokluyveria tannica (Asai) Ciferri et Redaelli (1947) 

Mycoderma lafarii Janke (1930) 

Mycokluyveria lafarii (Janke) Ciferri et Redaelli (1947) 

Mycoderma vini-cerevisiae Zimmermann (1938) 

Mycoderma vini-lafarii Zimmermann (1938) 

Mycoderma lafarii-vini Zimmermann (1938) 

Mycoderma vini Desm. var. paradoxa Zimmermann (1938) 


6 Original description and historical survey 


The strains we reckon to Candida mycoderma have been described under various 
specific names and have been generally classified in the genus Mycoderma. 

We will give here the most important particulars of the history of the generic 
name Mycoderma. For a more complete survey we may refer the reader to the 
publications of CrreRRI and REDAELLI (1929, 1947) and of LoppER (1934). 

The generic name Mycoderma comes from PERSOON (1822). The genus was very 
inadequately described by him and gave already rise to criticism as early as 1823 
by DeEsMAzIeRES (cf. DESMAzIERES 1825, 1827) who considered it as one of the 
darkest genera in mycology. DESMAZIERES gave a somewhat less confused diagnosis 
of the genus in that he restricted it to organisms which have the ability to form 
pellicles on liquid media. In those days, however, pure-culture methods had not 
yet been developed and so it came that DesmazimREs described as Mycoderma 
species a mixture of very different organisms. He classified the genus Mycoderma 
among the Nemazoaires, a kind of Infusoria and ascribed to its species even the 
characteristic of motility. 

The very fact that Drsmazrmres included such widely divergent organisms in 
the genus Mycoderma and even in his single species has been the cause that the 
generic name Mycoderma has been applied in such different senses, viz. for yeasts, 
e.g. by Witt (1899, 1900, 1910), LeEBERLE (1909), LoppErR (1934), for bacteria, e.g. 
by PastEuR (1866), HANSEN (1879), for molds, e.g. by VUILLEMIN (cf. 1931), JANNIN 
(1913), DopGE (1935). That is why with full justice Crrerrt and REeDAELLI (1947) 
considered the generic name Mycoderma a ‘nomen ambiguum” which has to be 
rejected. They proposed the new generic name Mycokluyveria for the genus 
Mycoderma sensu Leberle. 

From the foregoing it will be clear that the species described by DESMAZIBRES 
cannot be regarded as yeast species. The characteristic of budding was, moreover, 
never mentioned in his descriptions. Undoubtedly, however, there will have been 
yeasts amongst the mixtures of organisms he described. Two of the species, accepted 
by him, Mycoderma vini and Mycoderma cer(e)visiae are commonly used for yeasts 
which form a pellicle (‘““Kahmhaut”’) respectively on wine or on beer. 

REEss (1870) clearly described yeasts which have the ability to form a pellicle 
(“Kahmhaut’’) on liquid media such as beer, wine, fruit wine. They muitiply by 
budding forming ramified chains of cells and cause no fermentation in the above 
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mentioned liquids. He further stressed that they cannot be considered as special 
forms of Sacch. cerevisiae as, then, was often supposed. 

REEss observed no difference between the yeasts isolated from the pellicles 
of the various liquids as wine, beer. He considered them all belonging to one species 
which he included—as was customary in those days—in the genus Saccharomyces 
as Sacch. mycoderma. In one of his strains REEss observed spores. 

A special way of reproduction, called endogenic cell formation, was described 
by FiscHer and BrEeBeEck (1894). On the basis of this observation the film-forming 
yeasts were divided into two genera, Endoblastoderma with endogenic cell formation 
and Blastoderma without endogenic cell formation. Mycoderma cerevisiae was named 
Endoblastoderma amycoides. This endogenic cell formation, however, has never been 
borne out by others and was probably based on observational errors, 

LEBERLE (1909 )and Witt (1910) very carefully studied four Mycoderma strains 
isolated from beer. They classified them in three species which chiefly showed a 
quantitative difference in some characteristics (rate of sugar assimilation, rate of 
ethanol oxidation) and which further formed giant colonies with a different aspect. 
They designated them as M. cerevisiae, M. gallica and M. valida. Wriu further 
added a fourth species M. decolorans. 

In 1917 Dr’ Rosst studied 47 Mycoderma strains, all isolated from fermenting 
must or wine. He distinguished four species: M. vini, M. tenax, M. duplex and 
M. acidificans. 

M. tenax shows a prominent tendency to form a pseudomycelium, M. duplex 
forms two kinds of cells: besides normal ones very large oval or round cells, 
M. acidificans augments the amount of acid in wine. 

In 1934 in “Die anaskosporogenen Hefen, I Halfte’ seven species already 
described were accepted. They mainly differ from each other in the size of the cells, 
the appearance of the streak culture and the behavior in a medium with ethanol 
as source of carbon, All strains showed a very reduced pseudomycelium formation. 

ZIMMERMANN (1938) described several Mycoderma species all isolated from wine. 
He met with great difficulties in the classification of these strains. He stated that 
in the two genera Mycoderma and Pichia a diversity of forms is encountered 
identical with that found in the genus Saccharomyces. Moreover, the variability in 
the single species is so great that one should be satisfied to classify them in groups 
only. 

SCRIVANI (1939) isolated from 54 samples of Italian wine 119 cultures among 
which many Mycoderma’s. He could identify some of them with the species described 
by DE’ Rosst and further found 8 new species which he did not name but only 
numbered. 

CIFERRI and REDAELLI (1947) accepted in their genus Mycokluyveria the four 
species described by DE’ Rossrt and the seven species recognized by LODDER. 
Moreover, they described a strain which they could identify with Mycoderma 
glutinis-farinulae of DESMAZIERES. 


We have given here a brief report of the main publications on Mycoderma. 

It seerns of little use to give the descriptions of all these species. They agree in 
the following characteristics: an early development of a creeping pellicle on malt 
extract or similar media, the production of cylindrical cells besides others, an almost 
strictly oxidative dissimilation, the assimilation of glucose (fructose, mannose) only. 


s 
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There is some difference in the behavior in a medium with ethanol as source 
of carbon; some strains show a good growth developing a pellicle, others only have 
a very slight growth. 


y Standard description of Candida mycoderma 


Growthin malt extract: After 3 days at 25° C. cells are oval, 
cylindrical and sometimes elongate (Fig. 173). Occasionally the cells may 
be somewhat curved. A dry, dull, 
creeping pellicle is formed which is 
either yellowish-white and wrinkled, 
or thin and smooth. 

Generally there is not much dif- 
ference between the bottom cells 
and the cells composing the pellicle. 
The sizes of the latter ones are 
given. The smallest cells measure 
(1,7—4) x (4,3—9,5) uw, often they 
are much longer, (1,7—4) (5,5—12 
or up to 18) w. In the third place 
broader cells are formed: (3—5) x (4,5—10 also up to 13) yu. There are 
all kinds of transitions from one group to another. After some time 
a sediment is formed. 

Streak culture on malt agar: After one month at 17° C. 
the aspect of the streak culture is rather variable. 

The strains which form a smooth pellicle on malt extract show a streak 
culture which is more or less glistening to dull, flat and smooth to slightly 
wrinkled; the color varies from yellowish-grey to whitish-grey. 

The strains which form a wrinkled pellicle on malt extract have a dull, 
generally flat, but sometimes raised streak culture. The surface is delicately 
wrinkled, either partially or entirely. The margin is lobbed. The color is 
yellowish-grey to brownish-grey. ‘ 

Slide cultures: All stages from a primitive to a well-developed 
pseudomycelium are represented. 

There is no correlation whatever either between the nature of the 
pellicle or between the size of the cells and the pseudomycelium formation. 

In the primitive type there is scarcely any difference between pseudo- 
mycelium cells and blastospores. The pseudomycelium consists of 
abundantly branched chains of rather equal cells. This pseudomycelium 
although primitive in its development may be abundantly formed. 

In the well-developed type there is a difference between pseudomycelium 





Fic. 173 — C. mycoderma 
After 3 days in malt extract 
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cells and blastospores; the former are rather long, the latter oval to 
cylindrical. The pseudomycelium is much branched and the verticils are 
simple, consisting of few blastospores. The development is generally 
according to the type ‘“‘Mycocandida”’ (Fig. 174). 

Fermentation: No fermentation ora very slight fermentation of glu- 
cose only; a few gas bubbles may develop after several days of cultivation. 


Sugar assimilation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 


Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: Growth, usually 
formation of a pellicle which may easily drop. 

Growth in litmus milk: No coagulation; the color may 
change to blue. 

Splitting of arbutin: Absent. 


6 Discussion 


As will be clear from the historical 
survey the Mycoderma species described 
show only minor mutual differences. More- 
over, the characteristics in which they 
differ, 7.e. the size of the cells, the aspect 
of giant colonies, of streak cultures and of 
pellicles on malt extract are often subject 
to a great variability. 

The study of 33 Mycoderma strains among 
which many had _ been classified in dif- 
ferent species has also convinced us that 
there is no essential difference between 
them in the above mentioned properties. 

We observed, like most investigators, a 
slight and gradual difference in the behavior 
in a medium with ethanol as source of 
carbon. All the strains showed growth after 

Fic. 174 — C. mycoderma one week of incubation. A few strains had 
Slide culture, potato agar = no surface growth, others formed islets, 
oo. Bacay a whereas most strains formed a_ pellicle. 
ee nme Some of these pellicles easily dropped to 

he bottom. These facts made differentiation very difficult. An 
nalogous case was met with in the species Pichia membranaefaciens. 
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In many strains the development of a pseudomycelium had not been 
observed before, mainly because it was not especially studied or because 
the methods used were not the most suitable for the investigation. In 
‘Die anaskosporogenen Hefen, I Hilfte”’ is often mentioned the formation 
of a primitive pseudomycelium. By using other media, as potato agar and 
corn meal agar, very apt for pseudomycelium formation, and further by 
applying the coverglass method according to WICKERHAM, pseudomycelium 
could be obtained in all the strains. In some strains, however, its develop- 
ment is very rudimentary and there is scarcely any difference between 
blastospores and pseudomycelial cells. Yet we did not consider it appro- 
priate to separate these strains either from the genus or from the species. 
The transition from the primitive to the well-developed pseudomycelium 
is so gradual, that it is impossible to make a separation. It seems, therefore, 
fully justified to admit this species into the genus Candida. 

Among all the Candida species C. mycoderma is most closely related 
to C. krusei. But there is a clear distinction between the two in the 
fermentation of glucose: strongly positive for C. krusei; very slight to 
nought for C. mycoderma. Moreover, the development of the pseudo- 
mycelium is different. 

There is no difference, however, between C. mycoderma and the former 
variety of C. krusei: C. krusei var. vanlaeriana (cf. ““Die anaskosporogenen 
Hefen, II Halfte”). Almost all the strains belonging to this variety belong 
to C. mycoderma. Therefore OC. krusei var. vanlaeriana cannot be accepted 
any longer. 

To sum up, we have justified the bold step we took in uniting the genus 
Mycoderma sensu Leberle into one species, for which we propose the name 
Candida mycoderma. 

In connection with the species name proposed the following remarks 
have to be made. 

Since the description of Mycoderma vini and Mycoderma cerevisiae as 
given by DrsmazrérEs are founded on a mixture of organisms and since 
the most primary characteristic of the Candida species in question—the 
multiplication by budding—is not mentioned, these specific names must 
be left out of consideration, although they have been frequently applied 
to designate asporogenous “Kahm’’ yeasts. 

As far as is known to us the oldest adequate description of a species 
which is most probably identical with the Candida species here discussed, 
is Renss’ Sacch. mycoderma. We, therefore, think the specific epithet 
mycoderma the correct one for the species in question which consequently 
will be named Candida mycoderma. 
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Pichia membranaefaciens Hansen has to be regarded as the perfect stage 
of this species. 


e Origin of the strains studied 


33 strains were studied. 

Two strains labeled Mycoderma vini were received: one in 1925 from Van Wisk 
(Holland). It had been isolated from sour wine. The other one came in 1937 from 
ZIMMERMANN (Germany). It had been isolated from mucous wine. 

A strain labeled Mycoderma vini var. paradoxa also came from ZIMMERMANN 
in 1937. It had been isolated from turbid wine. 

A strain Mycoderma cerevisiae was received in 1912 from CLAUSSEN (Copenhagen). 
Further details are not available (LoppER 1934). 

A strain labeled Mycoderma gallica Leberle was received in 1910 from BIERBERG 
(Germany). Further details are not available. In “Die anaskosporogenen Hefen, 
I Halfte’’ it had been identified with Mycoderma cerevisiae. 

Two strains of Mycoderma valida Leberle were received; one in 1910 from Geisen- 
heim (Germany). Further details are not available (LoppDER 1934). The other one 
in 1937 from ZIMMERMANN (Germany). This one had been isolated from turbid wine. 

A strain labeled Mycoderma vanlaeriana Lindner et Genoud was received in 1914 
from LINDNER (Berlin). It had been isolated from lambic-beer at a brewery in 
Brussels. In “Die anaskosporogenen Hefen, II Hilfte” it was classified as Candida 
kruset var. vanlaeriana 1), 

A strain, Mycoderma decolorans Will, had been received in 1910 from BrERBERG 
(Germany). Further details are not available (LoppER 1934). 

A strain labeled Mycoderma tannicum Asai came in 1927 from the ‘“C.L.M.R.” 
(Dairen, Manchuria). It was the authentic strain of Asat who had isolated it from 
tan liquor from a leather factory in Senju in Japan. It caused black spots on the 
sole leather. 

A strain of Mycoderma lafarii Janke was sent in 1931 by the author (Vienna). 
It had been isolated in 1892 from beer by Larar (1893) who especially mentioned 
its prominent ability to oxidize ethanol to acetic acid. 

Strains labeled Mycoderma vini-cerevisiae, Mycoderma vini-lafarii and Mycoderma 
lafarii-vini came in 1937 from ZIMMERMANN (Germany). They had been isolated 
from wine. 

A strain was isolated from the so-called “tea fungus’’, a mixture of bacteria 
and yeasts used for the manufacture of tea-beer, in 1931. It was sent in 1932 by 
Borpisn (Java). It had been classified in “‘Die anaskosporogenen Hefen, IT Halfte”’ 
as Candida krusei var. vanlaeriana. 

A strain labeled Zygosaccharomyces mali was received in 1947 from NEGRONI 
(Buenos Aires) who had received it from LANGERON (Paris). Spores could not be 
observed in this strain. We neither could find a description of this yeast. 

The above mentioned 16 strains all form a wrinkled pellicle on malt extract, 
whereas the 17 following strains develop a smooth pellicle. 


1) Only part of the strains, formerly classified as Candida krusei var. vanlaeriana, 
had been maintained in the yeast collection of the “C.B.S.” For these strains only 
it was possible to trace whether they belong to C. mycoderma. 
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Three strains were received in 1940 from CasTELLI (Italy). They were ScrIvant’s 
strains II, IV and VI. They had been isolated from an Italian wine on which a 
pellicle (‘‘Kahmhaut’’) had developed. 

Two strains were classified in ‘“‘Die anaskosporogenen Hefen, II Halfte” as 
Candida krusei var. vanlaeriana. Both were received in 1932 from AsHpy (England) 
and had been isolated by DaprE (Goldcoast, Africa) either from fermenting cocoa 
or from palmwine. 

The 12 remaining yeasts were not labeled. 

One had been isolated from beer, one from baker’s yeast, one from yoghurt, 
three from fermenting butter, all in Holland. 

One had been isolated from waste water of .a milk factory in England. It came 
in 1938. 

Five strains were of human origin. They were sent from Dutch hospitals or 
medical institutes. Two had been isolated from sputum, two from the throat and 
one from an infiltration in the abdomen. 


Of the 33 strains studied five are of human origin. 


As the type strain of this species has been chosen the strain isolated 
by Van Wisk from sour wine, and described as Mycoderma vini in ‘Die 
anaskosporogenen Hefen, I Halfte’’. 


3. CANDIDA PULCHERRIMA (LINDNER) WINDISCH 


a Synonyms 

Torula pulcherrima Lindner (1901) 

Torulopsis pulcherrima (Lindner) Sace. (1906) 

Saccharomyces pulcherrimus (Lindner) Beijerinck (1912) 
Rhodotorula pulcherrima (Lindner) Harrison (1928) 
? Torulopsis rosea Berlese (1895) 

Torula rubefaciens Grosbiusch (1915) 

Monilia (Cryptococcus) castellanii Re (1925) 

Cryptococcus castellanii (Re) Castellani (1928) 

Torulopsis castellanii (Re) Castellani et Jacono (1933) 
Castellania castellanii (Re) C. W. Dodge (1935) 

Torulopsis pulcherrima (Lindner) Sace. var. variabilis Lodder (1934) 
Torulopsis pulcherrima (Lindner) Sace. var. rubra Castelli (1940) 
Asporomyces uvae Mrak et McClung (1940) 


/ Original description and historical survey 


LINDNER isolated this organism from overripe prunes, from grapes and from the 
excrements of the apple maggot. In 19011) he gave the following description: 

Growth in malt extract: In young cultures cells are almost elliptical. When 
the medium is exhausted and when there is a satisfactory supply of air, cells become 


*) In literature it is often mentioned, e.g. in “Die anaskosporogenen Hefen, 
I Halfte’, that LiypngeR should have described this species already in 1887 in 
“Woch. schr. Brau.’’. This statement, however, is not correct. LINDNER (1930) 
reported that he discovered this yeast in 1899. 
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larger and rounder. They form a large refractive globule in the cell and the cell 
wall forms a hardly visible slime layer. When these cells are transferred to fresh 
malt extract the outer wall is thrown off and a generation of small cells develops. 
No spores were observed. 

In 1930 LinpDNER added the following to this description: 

Growth in malt extract: At 25° C. and at 32° C. a thin pellicle and a thin 
ring are formed. The cells are smaller than those with which the culture was 
inoculated. They contain little oildrops. 

Growth on malt agar: After 5 months at 6—8° C. the colonies are white, 
like porcelain, glistening, with some concentric rings at the margin and in the 
middle a little roughened. Near the middle dense ramified strands are formed 
composed of elliptical cells with highly refractive dancing bodies. 


Fermentation: Glucose + Maltose — 
Galactose + Lactose — 
Saccharose — 


SaccaRDo (1906) brought this species into the genus Torulopsis. 

BEIJERINCK (1912, 1915—°16, 1918) made an extensive study of this yeast. 
He designated it as Saccharomyces (Torula) pulcherrimus Lindner. He isolated it 
from very different sources: from the craw and from the stomach of bumble-bees 
and bees, from honey and flowernectar, from grapes and from the dust in malt 
houses. 

BEIJERINCK observed two types: one type shows round cells of 7 diam. with 
a big oil globule, the other type which he probably considered as a modification, 
forms small, rather longish cells, measuring 3 « 4 4. He named the second type 
Saccharomyces pulcherrimus secundarius. In old cultures which had been inoculated 
with the second type he could always observe cells of the first type (‘“pulcherrima”’ 
cells). It was not possible to obtain a race which only consisted of ‘“‘pulcherrima”’ 
cells. 
BrEIJERINCK further studied the red pigment produced by this yeast, already 
observed by other investigators. According to him this pigment is dependent on 
the presence of air and of a trace of iron salts. It is quite different from the 
pigments of the carotenoid type, produced by the yeasts of the genera Rhodotorula 
and Sporobolomyces. According to BEIJERINCK it may belong to the anthocyans, 
There was much variability in the production of this pigment. More or less stable 
colorless types could be isolated. 
Harrison (1928) included this species in the genus Rhodotorula which for the 
rest only contains red yeasts with carotenoid pigments. 
PunKkart and Henricr (1933, 1935) amply studied the variability shown by 
this yeast. They received a strain from GrossptscnH who unaware of LINDNER’s 
escription named the yeast Torula rubefaciens. PUNKARI and HENRICcI observed 
variability in two directions, viz. into red or white types and into smooth or 
ough types. The rough types showed a rudimentary pseudomycelium. They found 
mooth white, smooth red, rough red types and white types with crater-like 





epressions. 

In 1934 this yeast was described by LoppER as Torulopsis pulcherrima. Two 
trains were separated from the species as a variety: var. variabilis because the 
hape of the cells in malt extract cultures is rather varying and because on this 


nediurn a pellicle is more quickly formed. 
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In 1938 Porcuet published her studies on 7’. pulcherrima. Of the ten strains, all 
isolated from various fruits, six corresponded with the description as given in 
“Die anaskosporogenen Hefen, I Hiilfte”, four strains, however, considerably 
disagreed. They formed a pseudomycelium and rarely a kind of conidia. These 
conidia are cells formed on short filaments. These four strains showed a dissociation 
into two types. Type 1 has red colonies, longish cells and forms a pseudomycelium. 
Type 2 has white smooth colonies, the cells are round with large oil globules and 
no pseudomycelium is formed. According to Porcuet the red pigment does not 
depend on the presence of traces of iron salts. 

CasTELLI (1940) frequently isolated this species from must, especially from must 
of Chianti. He did not observe any dissociation in his strains. Most strains were 
classified as 7’. pulcherrima but a few were separated in a variety var. rubra which 
formed a more intensive pigment and had longer cells in malt extract. 

Up till that time no ascospore formation in this yeast had been observed. But in 
1938 Winp1scH published a preliminary communication and in 1940 an extensive 
publication on this yeast in which he described ascospore formation. 

Winpiscu isolated his strains from baker’s yeast and from fruits. He seldom 
observed the production of a pigment. In this respect his strains belong to 
PorcHeEt’s type 2. They often were different from it in forming an abundant 
pseudomycelium. WinpiscH also distinguished two types which he considered as 
two successive phases in the development and which he compared with the two 
types observed by Porcuet. They differed in the aspect of the colonies on malt 
agar, in the shape of the cells and in the occurrence of “‘pulcherrima”’ cells in old 
cultures. To these ‘‘pulcherrima’’ cells which measured 9—20 yw diam. often 
remnants of a cell wall were attached. The more “‘pulcherrima”’ cells were formed, 
the more small cells were present which measured about (2—3) x (4—6) wu. 

In malt extract at 30° C. a strong fermentation occurred. After 9 days a thin 
pellicie, a ring and a sediment were formed. There was an abundant pseudo- 
mycelium. The ordinary cells measured (4,9—9,4) x (6,1—11) pw, the pseudo- 
mycelium cells (2,5—5,7) x (13,5—26) w. No true mycelium was formed. 

The ascospore formation proceeded as follows: The originally round oildrop in 
the “‘pulcherrima” cells, interpreted as ascus mother cells, grew longer; the cell 
formed a bud-like protrusion (ascus) into which passed a portion of the oildroplet. 
Owing to the optical properties of the oil, spore formation could not be observed, until 
after a short time the rupture of the wall of the protrusion at the place of attachment 
at the mother cell liberated all, or most of the 4 spores. The empty ascus remained 
attached to the mother cell which may form new buds. The spores which measured 
2 x 3 mu germinated and formed a small-celled generation. These cells may copulate 
and form normal cells which may turn again into ‘“‘pulcherrima’”’ cells. Nuclear 
staining showed that the vegetative cells and the ascus mother cells were binucleate. 

The same phenomena were observed with Candida tropicalis and probably with 
other Torulopsis and Candida species. 

According to Wrnpiscx this species—and also C. tropicalis —resembles in many 
respects (budding of ascospores, binucleate condition of the cells) the species of the 
genus T'aphrina. WiNpDIscH proposed, therefore, to bring 7. pulcherrima into the 
genus Candida and to gather all the Candida-like organisms which show the same 


phenomena into a new family Candidaceae which should be incorporated in the 
order of the Hzxoascales. 
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ROBERTS (1946 a), inspired by Winp1scH’ publication made a comparative study 
of T. pulcherrima and Taphrina deformans. She could partly confirm Wrnp1scn’ 
observations concerning the spore formation. She observed: 1. papillate protrusions, 
2. attached daughter cells some of which contain oil globules, 3. attached daughter 
cells which contain one to three spore-like bodies, 4. attached remnants of ruptured 
daughter cells. ; 

Although Roserts is rather cautious in interpreting these phenomena she is 
inclined to consider all these structures as representing phases of a sporulation 
process. She also noticed budding of the ascospore mother cells (ascogenous cells) 
even while the ascus is still attached to it. She further observed some differences 
between normal budding cells and asci, the latter arising on a much larger base. 
Only a few indications of copulation of vegetative cells could be found. 

She could not, however, confirm WINpDIscH’ observation of a binucleate condition 
in all vegetative cells. On the contrary a constant uninucleate condition was found, 

RoBERTS (1946 b) also studied the variability of this yeast. She observed white 
and red colored types. The white type was usually more stable than the red one. 
Iron salts seemed to increase the intensity of the pigment. 

She also observed in many white cultures a roughened surface which was connected 
with the presence of a pseudomycelium. Although she found in most respects a 
striking resemblance between Torulopsis pulcherrima and Taphrina deformans she 
rejected WINDIscH’ proposal to incorporate 7’. pulcherrima in a new family in the 
Exoascales. This because she could find in 7’. pulcherrima only a uninuclear condition, 
whereas the life cycle of Taphrina deformans as it is developed in the hostplant 
shows a binuclear condition and a uninuclear one following each other. 
LANGERON and LUTERAAN (1947) strongly doubted the correctness of the inter- 
pretations of WrnpiscH. They emphasized that preparations of the spores should 
have been stained with spore stains. 

Recently vAN DER WALT (1952) has published a thorough study of C. pulcherrima ; 
ne also gave convincing arguments against the ascosporogenous nature of the yeast. 


LANGERON and GuERRA (1941) established the identity between Cryptococcus 

Monilia) castellanii Re and Candida pulcherrima, after a study of three authentic 
‘trains of the former species. 
A strain of this species was isolated by CASTELLANI from cases of pseudo- 
lurunculosis and designated as Cryptococcus or Monilia spec. (CASTELLANI 1925). 
It was classified in 1925 by Re as Monilia (Cryptococcus) castellanii. In his 
lescription Rr mentioned the production of a reddish pigment. In 1928 CASTELLANI 
brought it into the genus Cryptococcus, in 1933 together with Jacono into the genus 
Porulopsis. DopceE (1935) classified it in the genus Castellania. 

The only strain of Cryptococcus castellanii studied by us was mislabeled. It formed 

cospores and no reddish pigment. It could be identified with Debaryomyces 
loeckeri. 

Mraxk and McCiuna (1940) isolated from grapes two cultures which they named 
sporomyces uvae. They classified these strains in the genus Asporomyces because 
hey observed abortive conjugation tubes in 10 per cent glucose solution and on 

et- and cucumber sporulation wedges. Copulation was never observed. 

Later Mrax, Puarr and Smrru (1942) proved the invalidity of the genus 
sporomyces by demonstrating that several strains both of sporogenous and of 
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asporogenous yeasts classified in widely divergent genera show the ability to 
form the same kind of tubes on sporulation media. They agreed with the classification 
of Asporomyces uvae as OC. pulcherrima carried through in the ‘C.B.S.”’. 
VERONA and FLORENZANO (1947, 1948) made the same observations on a strain 
isolated from grape must. They even observed in many media ameboid cells. They 
are, however, inclined to ascribe this phenomenon to a tendency of this strain to 


form a pseudomycelium. 
Finally we have to discuss the name 7’. rosea Berlese mentioned among the 


synonyms with a question mark. 
It is the first species brought by BrrRLEse (1895) into the genus Torulopsis. 


He gave the following description: 
Cells ovoid, but on plaster blocks after a few days round with a large oildrop 
in the middle. The protoplasm is pink colored. On liquid media a pink pellicle is 


formed. Strong fermentation. 
This yeast was isolated from ripe grapes. BERLESE found it also on sweet fruits, 


on leaves, on dry wood, ete. 

One of us (LODDER 1938 —’39) has already pointed out that BERLESE’s description 
of T’. rosea strongly resembles that of C. pulcherrima, especially the development 
of a pigment, the formation of round cells with an oildrop in the middle and the 
fermentation. On the other hand BERLESE’s description is rather incomplete and 
there are more yeasts which form a similar red pigment and show a strong 
fermentation, e.g. some of the lactose-fermenting yeasts. 


/ y Standard description of Candida pulcherrima 


Growth in malt extract: After 3 days at 25° C. cells may 
have a variable shape and size: round, short-oval, oval to longish. Most 
cells are round or short-oval; the typical large round cells with an oil 
globule—‘‘pulcherrima”’ cells—are very rare in young malt extract cultures. 
They measure about 6,5—9,5 uw. The round, short-oval cells are about 
3,5—9 yw. The oval cells measure (83—5,5) x (4—8,5) w; the long cells 
(2,5—3,5) x (8—16 and more) w. These types, however, partly overlap 
each other. The frequency of the cell types differs for the various strains, 
may even differ for one strain (Fig. 175). 

A sediment and usually a ring are formed, occasionally a very thin 
pellicle. An odor of fruit ether develops. 

Streak culture on malt agar: After one month at 17° C. 
the color of the streak culture is yellowish-cream, now and then somewhat 
reddish because of the production of a red, non-carotenoid pigment }). 
The streak culture is soft, rather flat, glistening, almost smooth, sometimes 
a little striped at the margin and (or) with curled spots. 

In old cultures—three or more months old—several strains have formed 
“pulcherrima”’ cells (chlamydospores), usually round cells with a thick wall 


A : ae 
) All the strains can produce this pigment on suitable media. 
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and an oil globule in the middle (Fig. 176). Often a part of the wall has 
loosened, but it may still adhere to the cell as a kind of cap or sack. 
Seldom two or three small cells may be found inside, a situation which 
may wrongly suggest a ruptured ascus wall with some endospores left. 

Other strains rarely form ‘‘pulcherrima”’ cells but they develop a kind 
of tubes which resemble conjugation tubes. Conjugation, however, never 
occurs. 

Slide cultures: Potato agar and carrot agar are the best media 
for the development of pseudomycelium, which is rather abundantly 
formed by some strains and very scantily by others. There is not much 
difference between the cells of the pseudomycelium and the blastospores. 
Usually chains of elongate cells are formed which are cylindrical, dumb- 
bell shaped or stalagmoid. The ramified chains often form a kind of dense 
trees. The pseudomycelium also may develop according to the type 
“Mycocandida” (Fig. 177). 
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Fic. 176 — C. pulcherrima Fic. 177 — C. pulcherrima 
Slide culture, potato agar 


‘““oulcherrima”’ cells 
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After 6 days on potato agar (strain Porchet from 
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Fermentation: Glucose + Maltose — 
Galactose + (weak) Lactose — 
or — 
Saccharose — 
Sugar assimilation: Glucose + Maltose +- 
Galactose -+ Lactose — 


(usually weak) 
Saccharose ++ 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Growth, sometimes 
a thin pellicle is formed. 
Growth in litmus milk: No coagulation of the milk. 
Splitting of arbutin: Positive. 


6 Discussion 


From the foregoing it is evident that C. pulcherrima shows a great 
variability which has been generally noticed. This holds especially for 
the quantity of pseudomycelium formed, the intensity of the pigment 
production and the occurrence of ‘‘pulcherrima”’ cells. 

PORCHET, moreover, observed, although very seldom, a kind of conidia. 
A normal cell forms a kind of tube on which again a daughter cell may 
arise. We are, however, not inclined to interpret this as conidia formation. 
According to us it is merely the beginning of pseudomycelium development. 
This interpretation seems also more acceptable than the idea that these 
tubes should be conjugation tubes. 

Neither do we agree with WINDISCH’ views on the occurrence of ascospore 
formation in this species. First of all as a rule ascospores can be easily 
distinguished from ordinary cells by shape, refraction, staining etc. The 
cells now and then found in the “sacks”’ (cf. standard description) may well 
have been formed by budding at the “‘pulcherrima”’ cells. 

Secondly the very fact that WinpiscH observed these phenomena very 
commonly has induced us to look for them also among the spore-forming 
yeasts. In very old malt agar cultures of Debaryomyces hansenii we 
actually observed quite similar loosened wall parts adhering as “‘sacks”’ 
to rather large cells. Although we did not observe cells in these “sacks”. 
the general aspect was the same as in (. pulcherrima. 

Now it is inconceivable that a yeast should have two different ways 
of forming ascospores and accordingly should belong both to the Endo- 
mycetales and to the EHxoascales. We see herein another argument for 
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rejecting the interpretation of the above mentioned phenomena as 
ascospore formation. 


Nor can the fact that Roperrs observed the same phenomena as 
described by Wrnviscu for C. pulcherrima in a culture of Taphrina 
deformans support WINDISCH’ views on the existence of a close relationship 
between C. pulcherrima and the genus Taphrina. It seems that these 
formations are rather common in old cultures of different yeasts and of 
yeast-like proliferations of other fungi. 

As a distinct pseudomycelium has been observed in many strains we 
follow WiypiscH in including this species in the genus Candida, although 
we do not accept the new conception he has made concerning this genus. 

Since the identity between the older species Torulopsis rosea Berlese 
and Candida pulcherrima is not sufficiently proved, we retain the specific 
name pulcherrima. 

On account of the great variability of this organism it is out of the 
question to separate some strains as a variety from the species. 


é Origin of the strains studied 


13 strains were studied. 

Two strains were received in 1933 from Henricr (U.S.A.). Both were cultured 
from the authentic strain of Torula rubefaciens Grosbiisch which had been isolated 
from apple parings in Luxemburg. 

Two strains came in 1938 from PorcHET (Switzerland). They had been isolated 
from fruit, one from cherries. 

Two strains were received in 1938 from WinpiscH (Germany). Both had been 
isolated from cherries. 

Two strains were classified by LopprEr (1934) as 7. pulcherrima var. variabilis. 

One of these strains came in 1929 from BeENEDEK (Germany) and was labeled 
Cryptococcus interdigitalis Poll. et Nann. Further details regarding this strain are 
mot available. Pottacct and Nawnwnizzi (1926) had isolated an organism they 
described as Cr. interdigitalis from interdigital affections of the epidermis. 

The second strain was received in 1931 from Cuopat (Switzerland). It had been 
isolated from red dates by Metxicer (1931). 

Two strains labeled Asporomyces uvae Mrak et McClung were received in 1940 
from Mrax (U.S.A.). They had been isolated from grapes. 

The three remaining strains were identified in the “C.B.S.”. 

Two of them were received from ORIE (Holland) in 1942. They had been isolated 
from the mouth or from the throat of normal or diseased people (Ort 1946). 

The last strain was received in 1943 from a Dutch fruit preserving firm, It had 


been isolated from wild raspberries. 





From these 13 strains only three strains are of human origin; the 10 other ones 


all had been isolated from fruit. 


As type of the species the strain isolated by MELLIGER, is maintained. 
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4. CANDIDA KRUSEI (CAST.) BERKHOUT 
a Synonyms 


Saccharomyces krusei Cast. (1910) 

Endomyces krusei Cast. (1912 b) 

Monilia krusei (Cast.) Cast. et Chalmers (1913) 
Myceloblastanon krusei (Cast.) Ota (1928) 4) 

Trichosporon krusei (Cast.) Cif. et Red. (1935) 

Mycotoruloides krusei (Cast.) Langeron et Guerra (1935) 
Monilia parakrusei Cast. et Chalmers (1919) 2) 

Myceloblastanon parakrusei (Cast. et Chalmers) Ota (1928) 
Castellania parakrusei (Cast. et Chalmers) C. W. Dodge (1935) 
Mycoderma lambica Lindner et Genoud (1913) 

Torula monosa Klayver (1914) 

Mycotorula monosa (Kluyver) Harrison (1928) 

Candida monosa (Kluyver) Diddens et Lodder (1942) 
Muycoderma chevalieri Guill. (1914) 

Candida chevalieri (Guill.) Westerdijk (1933) 3) 

Mycoderma monosa Anderson (1917) 

Mycoderma bordetii Kuff. (1920 a) 

Monilia inexpectata Mazza, Nifio et Egiies (1930) 

Mycocandida inexpectata (Mazza, Nifio et Egiies) Talice et Mackinnon (1934) 4) 
Pseudomonilia inexpectata (Mazza, Nifio et Egiies) C. W. Dodge (1935) 
Trichosporon dendriticum Cif. et Red. (1935) 

Candida dendritica (Cif. et Red.) C. W. Dodge et Moore (1936) 
Monilia krusoides Cast. (1937) 


6 Original description and historical survey 


CASTELLANI (1910) isolated this yeast from sputum of a Singhalese affected with 
bronchomycosis in the Mahara prison near Colombo. He first named it Saccharom yces 
kruset and gave the following description: 

Growth in liquid media: A pellicle is formed. 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 


‘) Geotrichoides krusei (Cast.) Langeron et Talice (1932) cannot be considered 
as a synonym of Candida krusei (Cast.) Berkhout, ef. p. 493. 

*) Mycocandida parakrusei (Cast. et Chalmers) Langeron et Guerra (1935) and 
Candida parakrusei (Cast. et Chalmers) Langeron et Guerra (1938) cannot be 
considered as synonyms of Candida krusei, ef. p. 554. 

*) In the “Lijst der Cultures 1925, Centraalbureau voor Schimmelcultures” 
this strain was wrongly mentioned as Monilia chevalieri Guill. and in the ‘‘List 
of cultures”, 1929, 1930, 1931, 1932 likewise wrongly as Candida chevalieri (Guill.) 
Berkh.; later (1933 etc.) it was mentioned in the catalogues of the ‘‘C.B.S.” as 
Candida chevalieri (Guill.) Westerdijk. 

*) In the publication of Tatice and MackINNon this strain is wrongly cited 


as Mycocandida inexpectata (Mazza, Niiio et Egiies) Langeron et Talice. The latter 
authors, however, did not mention this name. 
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Growth in litmus milk: No clotting of the milk. 

Later CasTELLANI (1912a, 1913) placed this species in the genus Endomyces 
probably because of the development of a pseudomycelium. Since 1913 it has been 
designated by CASTELLANI and CHALMERS (1913) as Monilia kruseit. 

BERKHOUT (1923) brought this species into the genus Candida, consequently the 
designation Candida krusei (Cast.) Basgal cited by Dope (1935) which dates from 
1931 has to be rejected. 

It will be briefly mentioned here that LANGERON and TALICE (1932) studied a 
strain of C. tropicalis, mislabeled Monilia krusei. That was the reason why they 
brought the species krusei into their new genus Geotrichoides. Already in 1935 
LANGERON and GUERRA discovered this error and replaced it into the genus 
Mycotoruloides. Nevertheless LANGERON and GUERRA (1938) mentioned Geotrichoides 
krusei as a synonym of ©. krusei; Geotrichoides krusei, if at all mentioned, could 
only be a synonym of C. tropicalis. This confusion was responsible for the fact that 
CrreRRi and REDAELLI (1935) brought the species krusei into the genus T'richosporon 
Behrend !). 

Many authors among whom also CasTELLANI (1937) have completed the above 
given description. They all agree that this species is easy to recognize, especially 
because of its oval, long or cylindrical cells, the flat and dry colonies, the development 
of a pellicle on liquid media and the fermentation of glucose only. Several 
investigators emphasized the great difference which exists between this species and 
the other Candida (Monilia) species. Srovatt and Busoxz (1932), SHREWSBURY 
(1934), Mackinnon and ARTAGAVEYTIA—ALLENDE (1945) even proposed to bring 
this species into the genus Mycoderma. LANGERON and GuERRA (1938), however, 
criticized this proposal. 

Batratu (1939) stated to have observed ascospore formation in two of our 
strains of C. krusei (Mycoderma chevalieri and Mycoderma lambica) and also in 
several Mycoderma species. According to the shape of the spores he classified his 
strains in three subgenera of the genus Mycoderma: Mycoderma with round spores, 
Pichia (Zygopichia) with hemispherical spores and Hansenula (Willia) with hat- 
shaped spores. 

Although we repeated BautTatu’s investigations with the same strains as he 


1) We will briefly mention here some other names which—according to us 
unjustly —are considered as synonyms of C. krusez. 

Endomyces paratropicalis B Cast. (1911) agrees with C. krusez. It is one of the 
five strains (A, B, C, D, E) all named Endomyces paratropicalis by CASTELLANI in 
1911. These strains are, however, mutually different. Since strain B does not agree 
with the diagnosis which was later given of the species paratropicalis (synonymous 
ith C. tropicalis) the name Endomyces paratropicalis should not be cited as a 





ynonym of C. kruset. 

Enantiothamnus braulti Pinoy (apud Braurr et MasseLot 1911) considered by 
he author as a “‘Sporotrichae” can only hypothetically be mentioned among the 
ynonyms of C. krusei. Although the figures and the very short description make 
he synonymy rather probable, there was no authentic strain available to test them. 

Geotrichoides tumefaciens (Foulerton) Langeron et Talice (1932) is often considered 

synonym of Geotrichoides krusei. This is not correct. As we saw already Saccha- 
omyces tumefaciens-albus Foulerton is identical with Candida albicans, cf. p. 466. 
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used and on the same media (grape juice with acetic acid and tartaric acid) we 
could not confirm this ascospore formation. Therefore, we shall for the present 
consider our strains of C. krusei as asporogenous yeasts. 


Candida krusei has been included in many genera and has been described under 
various specific names. All the synonyms were amply discussed by DIDDENS and 
LoppER (1942) with the exception of Torula monosa,. This yeast was regarded by 
the two mentioned authors as a separate species: Candida monosa. We, however, 
consider it a synonym of C. krusei and, therefore, will discuss it here. 

Kiuyver (1914) who isolated Torula monosa from brewery yeast, gave the 
following description: ; 

Growth in malt extract: The tendency to develop a pellicle is very slight 
in this yeast. 

Growth on malt gelatin: In young cultures the cells are cylindrical, 
measuring (3—4) x (7--13) uw. In cultures some weeks old, moreover, very elongate 
cells up to 30 w long, forming a pseudomycelium are found. 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 


According to Ktuyver this species differs from the species belonging to the 
genus Mycoderma in the strong fermentation of glucose and in the very slight 
development of a pellicle on liquid media, 

KLUYVER used Candida monosa in his biochemical sugar determinations. KLUYVER 
and CustrErs (1939—’40) tested its ability to attack saccharose and maltose under 
aerobic conditions. The organism was not able to attack these sugars. 

In 1942 in “Die anaskosporogenen Hefen, II Hilfte’’ several strains were 
separated in a variety C. krusei var. vanlaeriana. The differences between the 
variety and the species are both of morphological and of physiological nature. 
The pseudomycelium is usually not so abundantly developed. Pseudomycelium and 
blastospores are more delicate and the development especially shows the type 
“Mycocandida”’. The cells in malt extract cultures are usually smaller. Glucose 
may only be very slightly fermented. Potassium nitrate may be very slightly 
assimilated. 

On the basis of these differences we could no longer accept this variety. Most 
of its strains were identical with Candida mycoderma, ef. p. 482. 

Although we did not study cultures of Monilia parakrusei Cast. et Chalmers 
(1919) and of Monilia krusoides Cast. (1937) we may consider them, according to 
the descriptions given by the authors, as synonyms of C. krusei. Monilia parakruset 
only differs from C. krusei in clotting milk. In 1937 CasTELLANI, too, no longer 
recognized this species. According to CASTELLANI M. krusoides differs from C. kruset 
in that the cells of the former species are roundish, slightly ovoid or slightly 
pyriform and in that the growth on glucose agar is smooth, whereas the cells of the 
latter species are prevalently ovoid or elongate and the growth on glucose agar 
has a granular surface. Considering the strong tendency to vary shown by these 
yeasts, it is clearly impossible to base a difference between two species on such 
variable characteristics. 

WICKERHAM and Burton (1948) did not agree with a synonymy between 
Candida krusei and Monilia krusoides. They found namely that their strain of 
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M. krusoides assimilated galactose, saccharose, maltose, and 7 other compounds 
which were not assimilated by C. krusei. LANGERON and GuERRA (1938) reported, 
however, the same sugar assimilation for C. krusei as for an authentic strain of 
M. krusoides received in 1937 from CasreLLant. Both assimilated glucose and 
fructose only, but not galactose, saccharose and maltose. The American investi- 
gators apparently studied a strain labeled Monilia krusoides, but belonging to a 
different species. 


y Standard description of Candida krusei 


Growth in malt extract: After 3 days at 25° C. cells are 
usually elongate to cylindrical, only few cells are short-oval (Fig. 178). 
‘The dimensions are very different in the various strains, but also in one 
strain there may be much variation. This variation is partly due to the 
fact that among the measured cells there may be pseudomycelial cells, 
young buds, cells from the pellicle and cells from the sediment. 








Fie. 179 — C. kruser 
Slide culture, potato agar (strain 
Mycocandida inexpectata) 





Fie. 178 — C. kruset 
After 3 days in malt extract 
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Generally three groups can be distinguished: 

I with large, elongate to cylindrical cells measuring (2,5—5,5) x 
(7,5—21,5) ps; 

Il with smaller cells measuring (2—4,5) x (4,5—15,5) yu; 

III with very long and thin cylindrical cells measuring (2—5,5) x 
(5—28,5) p. 

There are all kinds of transitions between these three groups. 

A thin, fragile, somewhat powdery white to grey pellicle, smooth or 
slightly wrinkled which is creeping up high against the glasswall is formed. 
A fruit ether odor may develop. After some weeks besides a pellicle a 
thick sediment is formed. wd 

Streak culture on malt agar: After one month at 17° C. 
the color of the streak culture is cream to yellow (usually yellowish). The 
streak culture is soft, flat, dull, usually smooth, only at the bottom of the 
tube delicately folded or wrinkled, or with the entire surface wrinkled or 
delicately folded. The margin is sinuous with usually distinct pseudo- 
mycelium fringes. - 

Slide cultures: Usually there is a rich development of pseudo- 
mycelium. The growth occurs chiefly at the surface of the medium. The 
development is quite typical on peptone glucose agar. The elongate ., 
cylmdrical blastospores often develop in verticils composed of erecte 
branched chains (type ‘““Mycotoruloides’’) (Fig. 179). Besides there are also — 
simple verticils (type ‘““Mycotorula”’). On potato agar the development 
may be thin and the pseudomycelium may be much branched with small — 
verticils consisting of one or two blastospores (type ““Mycocandida’’). 

Fermentation: Glucose + Maltose — 

Galactose — Lactose — 
Saccharose — 
Sugar assimilation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 

Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: A thin, white or 
yellow, dull pellicle and a sediment are formed. 

Growth in litmus milk: No coagulation, a thin pellicle is 
formed; the litmus changes to blue. 

Splitting of arbutin: Absent. 


b! 


6 Discussion 


DippENS and LoppER already pointed to the fact that Torula monosa 
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(Candida monosa) is closely related to C. krusei. They maintained it as a 
Separate species because it differed from C. krusei in lacking the ability 
to form a pellicle and in the formation of a less differentiated pseudo- 
mycelium. | 

During the many years that the authentic strain has been kept in the 
collection of the “C.B.S.” it has changed. The malt agar culture which 
was originally soft is now more or less tough. The ability to form a pellicle 
which was first absent or very reduced, has much increased. A thin, 
occasionally slightly wrinkled, dull pellicle is completed within three days 
of cultivation. It may easily drop, however. Also the pseudomycelium 
develops much better than it used to do. 

_ Mistakes are excluded here, since subcultures of this strain maintained 
for many years in other laboratories show the same changes. Probably this 
is a case of variation from the smooth type to the rough type. 

Torula monosa in its present condition is much alike C. krusei. It cannot 

be distinguished from those strains of C. krusei which form a rather thin 
pellicle. 
As we have already seen, the strains belonging to the former variety 
pf OC. kruset, i.e. var. vanlaeriana, as far as they had been maintained in 
phe yeast collection of the “‘C.B.8.’’, could be identified with C. mycoderma. 
Vonsequently C. krusei var. vanlaeriana is no longer valid. 


é Origin of the strains studied 


47 strains were studied. 
Five strains were received either as Monilia, Candida, Mycotoruloides or 
Trichosporon krusei. 
Two came from CasTELLANI (London); one in 1926 and one in 1935. One came 
rom JOEKES from London in 1928; one from LANGERON (Paris) in 1931 and one 
rom REDAELLI (Italy) in 1934. Of all these strains no further details are available. 
Two strains were received either as Mycoderma or as Monilia chevalieri. 
One came from GUILLIERMOND (Paris) in 1925. It is not quite sure whether this 
s the strain described by GUILLIERMOND. The second strain came in 1927 from the 
‘C.L.M.R.” (Dairen, Manchuria). This strain came originally also from GUILLIER- 
MOND. GUILLIERMOND isolated the organism described by him as Mycoderma 
hevalieri together with Saccharomyces lindneri from ginger beer. 

A strain labeled Mycoderma lambica Lindner et Genoud was received in 1914 
om LINDNER (Berlin). GENOoUD isolated this strain from ‘‘lambic’’-beer from the 
rewery “de Boeck fréres” at Brussels. 

In 1926 a strain was received from Erion from Paris (‘Institut Pasteur”). This 
train had been used by Fernsacu and ScHoen for the production of pyruvic 
sid. According to Ex1on this is probably the strain described by GUILLIERMOND 
1912) as “Mycolevure de Ductaux” which is amply mentioned by Duciaux 
1900) himself in his book. Ductaux isolated his strain from Ravtrn’s liquid 
edium exposed to the air; it had formed a pellicle on this medium. 





32 
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The authentic strain of Torula monosa was received in 1914 from KLUYVER 
(Holland). It was isolated from brewery yeast. 

A strain labeled T'richosporon dendriticum Cif. et Red. was received in 1934 from 
REDAELLI (Italy). It had been isolated from sputum in a case of bronchomoniliasis 

in Milan. 

A strain of Mycoderma monosa Anderson was received in 1935 from the 
“A T.C.C.”. This strain originally came from ANDERSON who had isolated it from 
human feces. 

A strain of Mycoderma bordetii Kuff. came in 1937 from KUFFERATH (Brussels). 
It is not certain whether this strain is the original one isolated by Borprr from 
baker’s yeast and described by KUFFERATH. +. 

A strain labeled Mycocandida inexpectata (Mazza, Nifo et Egiies) Talice et 
Mackinnon was received from NrXo (Buenos Aires) in 1939. The three authors 
isolated this strain from pus in a case of onixis or peronixis of an Argentine woman 
(NrNo 1938). ; 

Three strains were received which evidently had been mislabeled. Two of these — 
strains were named Myceloblastanon species de Kartulis. One of them was received 
in 1930 from Lrontan (U.S.A.) and had been isolated by WrrpMAN; the other 
strain was received in 1935 from Ora (Japan). Further details are not available. 
The characteristics of both strains did not agree with the description given by 
Karru.is (1909) of an organism not named by him, but later usually designated: 
“Levure de Kartulis’’, Cryptococcus kartulisi, Myceloblastanon kartulis or Castellania 
kartulisi +). , 

The third mislabeled strain, Mycotorula albicans, was received in 1939 from. 
CasTELLI (Italy). It was isolated from dough (‘‘lieviti casalinghi di panificazione”) 
and was described by REDAELLI, CASTELLI and CIFERRI (1938). It is, however, not — 
identical with C. albicans but with OC. kruset. 

The other 30 strains studied had not been named, but were identified in the 
“CB. 

16 of these strains came from non-human sources, 7.é.: 
four from a Dutch potato-flour mill 
two from Dutch compressed yeast 
two from. Portuguese baker’s yeast 
one from Italian dough (‘‘lieviti casalinghi di panificazione’’) 
two from-salted Dutch cucumbers 
one from an apple from Greece 
two from paprica. 
one from fermenting cocoa 
one from palmwine. 

These last two strains had been isolated in 1932 by Dapr (Goldcoast, Africa). 

11 of the 14 strains isolated from human sources came from Dutch hospitals or 
medical institutes and most of them had been isolated from sputum of diseased 
people. Among these strains three had been isolated by Ort (1946) from the 
mouth or throat of normal or diseased people. 


1) A strain labeled Castellania kartulisi was identified with C. parapsilosis, 
cf. p. 557. 
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Further two strains had been isolated by NrNo (Buenos Aires) in 1933 from 
sputum of cases of bronchomoniliasis. 


One strain came from Murray (Canada) from a fatal case of necrosing angina, 


Of these 47 strains studied 24 are of human origin. 


As type of this species the strain received in 1935 from CASTELLANI 
has been maintained. 


5. CANDIDA MESENTERICA (GEIGER) DIDDENS ET LODDER 
a Synonyms 


Pseudomonilia mesenterica Geiger (1910) 
oA 


6 Original description and historical survey 


This yeast was isolated from beer and wort conduit pipes in breweries. GEIGER 
(1910) gave the following description: 

Growth in malt extract: The shape of the cells is irregular, roundish or 
oval with a diameter of 3—6 mw. Both types: roundish cells and hyphae always 
pecur simultaneously without one type prevailing over the other one. 
Remarkable is that the long cells are attached to each other on a broad base. 
When the hypha breaks up into cells these resemble oidia, especially because they 
pften germinate. The reproduction of the hyphal parts appears to be often inter- 
mediate between budding and apical growth. 

After 3 days a ring is formed and after 4 to 5 days a pellicle, first delicate, later 
pompact and tough, much folded and wrinkled. A scanty sediment is formed. 
Giant colony on malt gelatin: After 20 days the colony has largely spread 
pver the surface and shows an irregular, sinuous border; it is also much raised. 
[ypical is the deep folding of the colony and the hirsute surface caused by the 
formation of “‘locks”’ (“‘Zotten’’). The color is from the first yellowish-white. 


Fermentation: Glucose + (very weak) Maltose — 
Galactose + (very weak) Lactose — 
Saccharose + 
Sugar assimilation: Glucose + Maltose + 
Galactose + (very weak) Lactose + (very weak) 


Saccharose + (very weak) 

The genus Pseudomonilia was created by GEIGER for this species and three other 
nes. According to him this genus takes an intermediate position between the 
renera Monilia and Torula (sensu Turpin). It differs from Monilia in that the 
yeelium is not septate and from Torula in forming besides budding cells a 
ycelium, although a non-septate one. 

In “Die anaskosporogenen Hefen, II Hilfte” the genus Psewdomonilia was not 
ecepted and this species was included in the genus Candida. 





y Standard description of Candida mesenterica 


Growth in malt extract: After 3 days at 25° C. cells are 
val, long-oval to elongate, measuring (2,5—4,5) x (6—I13) yu and longer. 
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The cells often adhere to each other. Mycelium is also formed (Fig. 180). 
A pellicle may be produced within 5 days. It is smooth or folded or com- 
posed of many small colonies. 

Streak culture on malt agar: After one month at 17° C. 





Fic. 180 — C. mesenterica 
After 3 days in malt extract 


white-yellowish, more or less abundantly folded, often hirsute; margin 
smooth. 

Slide cultures: A well-developed and much branched pseudo- 
mycelium is formed. The blastospores form chains or irregular verticils. 
Hyphae without blastospores also occur. Blastoconidia are often formed 
(Fig. 181). Besides pseudomycelium a true mycelium with a few septa. 

Fermentation: Absent. 


Sugar assimilation: Glucose + Maltose + 
Galactose — Lactose — 
Saccharose -+ 

Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: No growth or 

scanty growth and formation of a delicate pellicle. 
Growth in litmus milk: No change. 
Splitting of arbutin: Positive, sometimes weak. 


6 Discussion 


The standard description shows some minor differences from the 
description as given by GEIGER, particularly with regard to the physiological 
characteristics. For the most part these differences can be explained by 
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the methods used by Grrcer (Linpner’s “Kleings 
} ERS Kle » 
fermentation). ingar’” method for 


Further GEIGER emphasized for his genus Pseudomonilia the absence 
of septa in the mycelium. 


True mycelium in the genus Candida always develops in the following 





Fic. 181 — C. mesenterica 
Slide culture, potato agar 





ay: On the pseudomycelium a bud arises which grows into a long 
lament which may branch. Occasionally septa are formed in this filament, 
ut in many cases they are not observed. In our opinion there is no real 
ifference between those strains which form some septa in the mycelium 
d those which never do so. Consequently the genus Pseudomonilia 
nnot be accepted. 


Although there exist some differences between GEIGER’s and our 
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description it seems highly probable that our strains are identical with 
Pseudomonilia mesenterica Geiger. They have to be designated as Candida 
mesenterica. 


e Origin of the strains studied 


4 strains were studied. All were isolated from beer conduit tubes. 

The first strain was received as Pseudomonilia mesenterica Geiger in 1922 from 
Scunece (Germany). It is not known whether this is the original strain isolated 
by GEIGER. ; 

The other three strains came in 1934 from VERMEULEN (Holland). 

Two of these strains represent the smooth and rough type isolated from one strain. 


As the type of this species the strain received in 1922 from ScHNEGG 
has been maintained. 


6. CANDIDA TROPICALIS (CAST.) BERKHOUT 


One variety belong to this species: 
Candida tropicalis (Cast.) Berkhout var. lambica (Kuff.) 

Diddens et Lodder. 
a Synonyms of the species 


Oidium tropicale Cast. (1910) 

Endomyces tropicalis Cast. (1911) 

Monilia tropicalis (Cast.) Cast. et Chalmers (1913) 

Atelosaccharomyces tropicalis (Cast.) Froilano de Mello et Gonzaga Fernandes 
Myceloblastanon tropicale (Cast.) Ota (1928) [(1918) 
Castellania tropicalis (Cast.) C. W. Dodge (1935) 

Monilia candida Bon. sensu Hansen (Bonorden 1851, Hansen 1886) 2) 
Myceloblastanon candidum (Bon. sensu Hansen) Ota (1928) 

Monilia bonordenii Vuill. (1911) 

Candida bonordenii (Vuill.) Basgal (1931) 

Endomyces paratropicalis Cast. (1911) 

Monilia paratropicalis (Cast.) Cast. et Chalmers (1913) 

Atelosaccharomyces paratropicalis (Cast.) Froilano de Mello et Gonzaga Fernandes 
Myceloblastanon paratropicale (Cast.) Ota (1928) [(1918) 
Candida paratropicalis (Cast.) Basgal (1931) 

Castellania paratropicalis (Cast.) C. W. Dodge (1935) 

Endomyces bronchialis Cast. (1912 b) 

Monilia bronchialis (Cast.) Cast. et Chalmers (1913) 

Myceloblastanon bronchiale (Cast.) Ota (1928) 

Candida bronchialis (Cast.) Basgal (1931) 

Castellania bronchialis (Cast.) C. W. Dodge (1935) 

Endomyces entericus Cast. (1912 b) 

Monilia enterica (Cast.) Cast. et Chalmers (1913) 


*) Endomyces candidus Cast. (1912 a) is not a synonym. 
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Myceloblastanon entericum (Cast.) Ota (1928) 

Candida enterica (Cast.) de Almeida (1933) 

Castellania enterica (Cast.) C. W. Dodge (1935) 

Endomyces faecalis Cast. (1912 b) ° 
Monilia faecalis (Cast.) Cast. et Chalmers (1913) 

Myceloblastanon faecale (Cast.) Ota (1928) 

Castellania faecalis (Cast.) C. W. Dodge (1935) 

Endomyces insolitus Cast. (1912 b) 

Monilia insolita (Cast.) Cast. et Chalmers (1913) 

Myceloblastanon insolitum (Cast.) Ota (1928) 

Candida insolita (Cast.) Graziano (1930) or Redaelli 4) 

Castellania insolita (Cast.) C. W. Dodge (1935) 

Endomyces niveus Cast. (1912 b) 

Monilia nivea (Cast.) Cast. et Chalmers (1913) 

Myceloblastanon niveum (Cast.) Ota (1928) 

Candida nivea (Cast.) Basgal (1931) 

Castellania nivea (Cast.) C. W. Dodge (1935) 

Endomyces pulmonalis Cast. (1913) 

Monilia pulmonalis (Cast.) Cast. et Chalmers (1913) 

Candida pulmonalis (Cast.) Basgal (1931) 

Castellania pulmonalis (Cast.) C. W. Dodge (1935) 

Monilia metatropicalis Cast. et Chalmers (1919) 

Castellania metatropicalis (Cast. et Chalmers) C. W. Dodge (1935) 
Candida vulgaris Berkhout (1923) 

Geotrichoides vulgaris (Berkhout) Langeron et Talice (1932) 
Monilia butantanensis Gomes (1924 a, b) 

Candida butantanensis (Gomes) Langeron et Talice (1932) 
Parendomyces butantanensis (Gomes) C. W. Dodge (1935) 
Monilia onychophila Poll. et Nann. (1928) 

Mycotorula interdigitalis Red. (1930 or 1931) 

Mycotorula dimorpha Red. et Cif. (Ciferri e Redaelli 1935) *) 
Syringospora dimorpha (Red. et Cif.) C. W. Dodge et Moore (1936) 
Mycotorula trimorpha Red. et Cif. (Ciferri e Redaelli 1935) 
Mycotoruloides trimorpha (Red. et Cif.) C. W. Dodge et Moore (1936) 
Monilia kefyr nom. nud. 

Candida kefyr nom. nud. 

Geotrichoides kefyr nom. nud. (Langeron et Talice 1932) 

Oidium breve nom. nud. 


aa Synonyms of the variety 


Torula lambica nom. nud. (Kufferath 1925) 
Mycotorula lambica Harrison (1928) 


1) Probably it was REDAELLI who identified the strain, isolated by GRAZIANO, 


with Monilia insolita and who brought this species into the genus Candida. 
2) The description of this species which differs from the results of the authentic 


strain may be based on experimental errors. 


Candida tropicalis 
504 FAMILY CRYPTOCOCCACEAE (Cu. VII, §2 


6 Original description and historical survey of the species 


This organism was isolated for the first time by CAsTELLANI on Ceylon from 
sputum in a case of bronchomycosis. CASTELLANI (1910) named it Oidiwm tropicale 
and gave the following description: 

In the expectoration: Round or oval shaped yeast cells and segments of 
mycelium. 

Growth in broth: A thin pellicle is formed. 

Growth on glucose agar: Abundant white waxy growth. 

Fermentation: Glucose + Maltose + 

Galactose + Lactose — 
Saccharose ++ 

In 1911 this species was named Endomyces tropicalis by CASTELLANI and in 1913 
Monilia tropicalis by CASTELLANI and CHALMERS. 

CASTELLANI (1937) gave a more detailed description which follows: 

Growth on SABOURAUD agar and on glucose agar: The growth is 
abundant, mainly consisting of globular or slightly ovoid cells, 2,5—7 mw in diameter. 
Occasionally septate, branching mycelium, 2—2,5 mw in diameter is formed. 

The streak culture is creamy-white with a smooth surface when young, often 
slightly wrinkled when old. Occasionally CASTELLANI (1938) observed two types of 
colonies, smooth and rough ones. Once the rough type had changed into the smooth 
type, but a second time both types had kept their original appearance. 

In hanging drop cultures: Mycelium fairly abundant. 

Fermentation: As mentioned beforehand. The fermentation of galactose and 
of saccharose may not be as strong as that of the other sugars. 

Splitting of arbutin: Negative or slightly positive. 

Growth in litmus milk: The milk is not clotted, often acid is produced. 

CaSTELLANI (1912 b, 1913) further described 8 species which were closely related 
to his Endomyces tropicalis, 7.e.: 

Endomyces bronchialis 

Endomyces entericus 

Endomyces faecalis 

Endomyces insolitus 

Endomyces niveus 

Endomyces paratropicalis 

Endomyces pulmonalis, and together with CHALMERS (1919) 

Monilia metatropicalis. 

Afterwards all these species were included in the genus Monilia. 

CASTELLANI (1937) was of opinion that most of the innumerable species of Monilia 
(Candida) correspond more or less with a few (9) clearly distinguishable species. 
From the 8 species related to Monilia tropicalis he maintained M. bronchialis only, 
whereas he mentioned in his table also Monilia metatropicalis. 

We did not study authentic strains of these 8 speci@®, but from their description 
we agree with CasTELLANI that they should not be recognized as separate species. 
We regard them as synonyms of C. tropicalis, but with due reserve. CASTELLANT 
mainly studied physiological characteristics and only few morphological ones. 
According to this author some of these species show a weak fermentation of 
saccharose (M. bronchialis, M. faecalis, M. nivea). On the other hand we found in 
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a few strains of C. albicans which species usually does not ferment saccharose, a 
very slight fermentation of this sugar. Consequently, since we do not know the 
morphological characteristics of these species we could regard them with equal 
right as synonyms of C. albicans or of C. tropicalis. Actually they were found in 
the literature as synonyms of both species, 

As is clear from the list of Synonyms C. tropicalis has been included in several 
genera. BERKHOUT brought it in 1923 into the genus Candida. Consequently the 


designation C. tropicalis (Cast.) Basgal (1931) mentioned by C. W. Dopcr (1935) 
is not correct. 


C. tropicalis has also been described under various specific names. Since most of 
them are now generally accepted as synonyms of C. tropicalis we shall not deal 
with them here, however, with one exception: Monilia candida Bon. s. Hansen, 
or Candida vulgaris Berkhout, because these synonyms of C. tropicalis caused much 
confusion. 

In 1851 BonorpDeEn described a mold which he named Monilia candida. Confusion 
arose when Hansen (1886) designated a yeast, isolated by him from fruit and 
from cow dung as Monilia candida, although he himself doubted the identity of 
his strain with Monilia candida Bon. 

HANSEN’s description of Monilia candida runs as follows: 

Growth in malt extract: Strong fermentation; a sediment and a pellicle 
are formed. 

Growth in RANVIER’s moist chamber with beer wort as liquid 
medium: First the yeast propagates by budding, later germination tubes and a 
mycelium with Saccharomyces-like cells, single or in colonies, develop. Chains of 
ong, more or less thread-like cells which adhere to each other were observed. At 
pach segment arises a crown of oval cells which easily loosen, or a longer cell, a 
kind of side branch. Often the constrictions at the segments disappear and a typical 
mycelium with septa arises. Also forms like those common in Oidiwm lactis were 
pbserved, further chains of pear-shaped or lemon-shaped cells. 
Fermentation: Glucose + 

Saccharose + 

Maltose + 
Further confusion arose when PiLaut (1885, 1887) considered an organism isolated 
by him from putrid wood and named by him Monilia candida Bon. as identical 
with the thrush fungus (M. albicans). 
Moreover, VUILLEMIN (1911) who accepted HANSEN’s conception of M. candida 
proposed to change the name Monilia candida Bon. to Monilia bonordenii because 
PERSOON (1801, 1822) already in 1801 had described an organism—which later was 
cluded in the genus Aspergillus—as Monilia candida. VuILLEMtn’s proposal, 
owever, was not correct, because the nomenclature of the fungi starts with 
nies’ “Systema mycologicum” 1821—’32 and earlier designations need not be 
onsidered 1). 
LANGERON and GuErRRA (1938) pointed to the fact that it is not certain whether 
onilia candida was created by BoNoRDEN, because BONORDEN used to sign his 









1) For the sake of completeness it is mentioned that Harrie (1844) designated 


quite different mold-like organism as M. candida. 
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new species with a “‘m.”’ and this letter is lacking with M. candida. So M. candida 
Bon. might be the same as M. candida Pers. 

BEeRKHOUT (1923) separated the yeast-like Monilia’s from the other Monilia’s 
and gathered them into the genus Candida. She named Monilia candida Candida 
vulgaris. She doubted whether the cultures she studied were identical with the 
Monilia candida of BoNoRDEN. That she, nevertheless, accepted this identity may 
have been caused by HANSEN’s description. She did not observe the identity between 
C. vulgaris and C. tropicalis. 

As Monilia candida is not available as a name for yeasts and as C. vulgaris only 
dates from 1923 the correct name is C. tropicalis, although the specific name 
vulgaris suits this species much better than the name tropicalis. 


The question of a possible ascospore formation in strains of OC. tropicalis 
(M. candida) has been studied by Damm (1930). He observed after three months’ 
cultivation on koji extract agar the formation of ascus-like cells with nearly always 
1 or rarely 2 so-called ascospores. According to Damm these are not ascospores but 
normal budding cells. Because of a preceding rupture of the wall of the mothercell 
it looks as if these budding cells have originated as ascospores in an ascus. Moreover, 
Damm ascertained the fact that all spore-staining methods gave negative results 
and that the supposed ascus may bud. 

WINDISCH (1938, 1940), however, interpreted these forms as asci and ascospores. 
We have already fully discussed these questions with C. pulcherrima to which we 
refer (p. 490). As long as no more convincing indications of spore formation in this 
species will be observed we shall consider it as an asporogenous yeast. 

MACKINNON and ARTAGAVEYTIA—ALLENDE (1945) and Mackinnon (1946) observed 
arthrospores in C. tropicalis. We never observed them in our strains. However, 
those strains which develop arthrospores should not be included in the genus 
Candida but they belong to the genus Trichosporon. 

Wrnpiscu (1948) pointed to the fact that Candida tropicalis which, like C. utilis, 
is able to assimilate xylose, has been largely used in Germany for the production 
of food yeast from sulphite liquor and from wood sugar. 

In 1942 DippEns and LoppER brought two varieties to this species, viz.: 
C. tropicalis var. lambica and C. tropicalis var. rhagii. The latter of the two is no 
longer accepted by us. The strain belonging to this variety is identified with 
C. guilliermondii. 


6B Original description and historical survey of the variety 


KUFFERATH (1920b) mentioned a yeast: Torula du lambic de B 2A, isolated 
from “lambic” beer. It should cause a weak fermentation in beer wort and produce 
an aromatic smell. In 1925 he named this yeast Torula lambica, without, however, 
giving a description. Torula lambica is, therefore, a “nomen nudum”’. 

Harrison described this yeast in 1928. He named it Mycotorula lambica, His 
description runs as follows: 

Growth in malt extract and on malt agar: In young cultures the cells 
are irregular, ellipsoidal and cylindrical. Cylindrical cells may form ellipsoidal 
buds and ellipsoidal cells cylindrical buds. The ellipsoidal cells measure 3 x 5 a; 
the cylindrical cells (1—2) x (5—30) uw. In the sediment of old cultures (73 days) 
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cells are round, ellipsoidal or cylindrical, also irregular hyphal threads are formed: 
round cells measure 2,5 —4,3 / in diameter, cylindrical cells 1,7 ~ in diameter. 


On malt agar the growth is dull, white, spreading, later rugose and coarsely 
vermicular. 


Fermentation: Glucose + Maltose +- 
Galactose + (weak) Lactose — 
Saccharose ++ 


Growth in litmus milk: A film is formed, the reaction becomes slightly 
alkaline; no coagulation or digestion. 


In “Die anaskosporogenen Hefen, II Halfte’”’ this species was brought as a 
variety, viz. var. lambica to C. tropicalis. 


y Standard description of Candida tropicalis 


Growth in malt extract: After 3 days at 25° C. cells are 
short-oval to oval, sometimes round, (5—9) x (6—12) wm. 





Fie. 182 — C. tropicalis 
After 3 days in malt extract 





Fic. 183 — C. tropicalis 
Slide culture, potato agar 
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Besides pseudomycelium some true mycelium may be produced (Fig. 182). 
A sediment and a ring are formed, occasionally some islets. 

After one month at 17° C. a sediment, a ring and islets are present. 

Streak culture on malt agar: After one month at 17° C, 
the color is cream to yellowish; the appearance of the streak culture is 
dull and tough, the entire surface folded, often hirsute, with a smooth 
margin, surrounded by mycelium. The margin is dull to somewhat 
glistening. There are, however, a few strains which are soft, glistening and 
usually smooth. After cultivation on malt agar for several years some 
cultures gradually get a more wrinkled and tough structure. 

Slide cultures: On all media the pseudomycelium develops 
abundantly ; true mycelium is also formed. The verticils are well developed, 
single or branched. Often chains of blastospores are formed. Many 
blastoconidia develop along the pseudomycelial cells, owing to which the 
demarcation of the verticils effaces. The development of pseudomycelium 
and blastospores occurs according to the types: ‘““Mycotorula’’, ““Myco- 
toruloides”, and ‘“‘Candida”’ (Fig. 183). 


Fermentation: Glucose + Maltose + 
Galactose + Lactose — 
. Saccharose + Raffinose + (weak) or — 
Sugar assimilation: Glucose + Maltose + 
Galactose -- Lactose — 


Saccharose ++ 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth or very 
little growth. 
Growth in litmus milk: No coagulation. The color changes 
to blue. A pellicle is often formed. 
Splitting of arbutin: Absent or slightly positive. 


yy Supplementary description of Candida tro picalis var. lambica 


Growth in malt extract: After 3 days at 25° C. cells are 
long-oval, thinner, (2,8—4) x (7—12) mw, some cells up to 18 w long 
(Fig. 184). A sediment, a ring and islets are formed. 

Streak culture on malt agar: After one month at 17° C. 
the color is yellowish. The streak culture is smooth, rather dull, not much 
raised, with a delicately wrinkled surface and a smooth border. 

Slide cultures: The growth is thinner and the development of 
Pig on the pseudomycelium is less abundant than in the species 
(Fig. 185). 


Candida tropicalis 


4 


Cu. VII, § 2] SUBFAMILY CRYPTOCOCCOIDEAE 509 


Ethanolas sole source of carbon: Growth and develop- 
ment of a thin pellicle. 


Splitting of arbutin: Positive. 
6 Discussion 


A variety rhagii was created by DippENs and Loppmr (1942) for one 
strain isolated by Minuer (1934). A closer comparison of this strain with 


!) 





Fie. 184 — C. tropicalis var. lambica Fic. 185 — C. tropicalis var. lambica 
After 3 days in malt extract Slide culture, potato agar 


the strains belonging to Candida guilliermondii taught that it fits much 
better in the latter species. Consequently the variety C. tropicalis var. 
rhagit is no longer accepted. 





e Origin of the strains belonging to the species 


41 strains were studied. 

Eight strains were received either as Monilia or as Candida tropicalis, viz. 
wo from CASTELLANI (London) in 1926 and in 1935 
yne from JorKEs (London) in 1928 

ne from REeDAELLI (Italy) in 1934 


cour from LANGERON (Paris) in 1931, 1935 and 1937. The two strains received 
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in 1931 originated from ‘Instituto Oswaldo Cruz” (Rio de Janeiro); the strain 
received in 1935 from ‘‘Ross Institute’? (London). 

Of all these strains no further details are available. 

Four strains labeled Monilia candida were received, viz. 

one strain from the ‘‘KrAw”’ collection (Prague) in 1912 

two strains from KiLé6cKER (Copenhagen) in 1920 and in 1928 

one strain from WiINGE (Copenhagen) in 1935. 

These first two strains have been studied by BERKHOUT. KL6OCKER’s strain from 
1920 had been isolated by him. WINGE’s strain is the authentic strain studied by 
HANSEN, cultivated by him in a 10 % saccharose solution in 1888 and subcultured 
in 1933 in the Carlsberg Laboratory (WINGE and Hygort 1935). 

Two strains labeled Monilia butantanensis Gomes were received; one in 1929 
from ENGELHARDT (Germany) and one in 1932 from LANGERON (Paris). Probably 
both strains originally came from Rio de Janeiro. Further details are not available. 
Both strains ferment saccharose very slightly. They represent in this respect a 
form intermediate between C. tropicalis and C. albicans. Gomes (1924 a,b; DE 
ALMEIDA 1933, 1939) had isolated the strain described by him as Monilia butantanensis 
from sputum in a case of tuberculosis. 

Two strains were received in 1934 from CrreRRI and REDAELLI (1935) from 
Catania (Italy), viz. Mycotorula dimorpha Red. et Cif. and Mycotorula trimorpha 
Red. et Cif. The first strain was isolated by Sorrman (Cairo) from an interdigital 
affection, the second strain by GRAzIANO (Italy) from feces of children. GRAZIANO 
(1930) or REDAELLI originally named this strain Candida insolita. 

The description of M. dimorpha as given by the Italian authors does not agree 
as far as the fermentation tests are concerned with the characteristics of the 
authentic strain. Nevertheless, LaANGERON and GurERRA who also studied an 
authentic strain, considered it identical with C. tropicalis. So errors in the 
fermentation test may have been made by the Italian authors. 

As a synonym of M. dimorpha Cirerrt and REDAELLI mentioned M ycotorula 
interdigitalis Redaelli 1930. We, however, could not find any description of 
M. interdigitalis, only a drawing in REDAELLI’s publication of 1931. 

A strain labeled Monilia onychophila Poll. et Nann. was received in 1935 from 
Potxacci (Italy). MARENGOo (1926) had isolated this strain from an affection of the 
fingernails. 

A strain named Castellania pulmonalis (Cast.) C. W. Dodge (1935) was received 
from the “A.T.C.C.” in 1939. This culture probably originated from CAasTELLANI 
(London). Further details are not available. The strain Endomyces pulmonalis, 
described by CasTELLANI in 1913 was isolated by him from sputum. 

A strain labeled Candida kefyr had been isolated by BrteErrinck from kefyr milk. 
He originally named it Monilia kefyr. This strain was never described. 

Another strain from BrIsERINcK labeled Saccharom yces productivus was neither 
described by him. It had been isolated from compressed yeast. 

In 1922 the “C.B.S.” received a culture from the “Kral” collection at Prague 
labeled Otdium breve Conrad (e brassica acida). The strain had obviously been 
isolated by Conrap from sauerkraut. A description had not been given. BERKHOUT 
(1923) studied this organism; she, however, neither gave a description, but only 
a drawing. 


From Bunker (England) in 1947 a strain labeled Candida arborea was received, 
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\ description of C. arborea could not be found. This strain was used in the German 
odder yeast manufacture 1). 

In 1947 the “C.B.S.” received a culture labeled Monilia murmannica from the 
‘A.T.C.C.”. This strain was used in the fodder yeast manufacture in the U.S.S.R. 
\ description of M. murmannica could not be found. 

Five strains which had been mislabeled were received. 

One, labeled Candida psilosis, came in 1929 from AsHFoRD (Puerto Rico). Further 
letails are not available. As has been mentioned before C. psilosis is a synonyrn of 
’. albicans. 

A second strain was labeled Monilia tumefaciens-alba and was received from 
forra (Italy) in 1928. No further details. Monilia tumefaciens-alba is also a synonym 
f C. albicans. 

A third strain was mislabeled Trichosporon cutaneum. It came in 1933 from 
-OLLACcI (Italy). 

The fourth mislabeled strain, Mycotorula zeylanoides (Cast.) Red. et Cif., was 
eceived from REDAELLI and CIFERRI (Italy) in 1934. It had been isolated by 
Janco (Italy) from mycotic affections of the tonsils and the throat (CrrERRI e 
REDAELLI 1935). 

The last mislabeled strain, Sacch. pleomorphus Lodder, had been isolated by 
‘FERRI from rotten pineapples and was received in 1932. LoppER (1932) reported 
o have observed ascospores in this strain, but this observation was probably due 
o a contamination. 

Further 13 unnamed strains were received. 

Two had been isolated from the so-called “‘tea fungus’, a mixture of bacteria 
ind yeasts used for the manufacture of tea-beer. They were sent in 1932 by 
BOEDIIN (Java). 

Four strains were received from WinpiscH (Germany) in 1938 and in 1939. 
Three had been isolated from Torula utilis fodder yeast and one from infected 
listillery yeast. 

The seven remaining strains were all of human origin. 

Two were received from Nimo (Buenos Aires) in 1933. 

One was isolated from nail affections, the other together with C. guilliermondit 
from sputum in a case of bronchomoniliasis. 

One strain came from CHABANOFF (U.S.A.) and was isolated from sputum in a 


base of pneumonia. 
The four remaining strains had been isolated in Holland from sputum or from 


the mouth in cases of diseases. 


Of these 41 strains 25 are of human origin. 





As type of this species the strain received in 1926 from CASTELLANI as 
onilia tropicalis has been maintained. 






ce Origin of the strains belonging to the variety 


Only 1 strain was studied. 


andida arborea had been received in 1940 from 
This strain proved to be 






1) Another strain labeled C 
“Technisches Biro Perkola’”’ at Miinchen (Germany). 


identical with C. utilis, cf. p. 549. 
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This strain was received in 1927 from KuFFERATH (Brussels) as Torula lambica. 
It had been isolated from lambic beer by KUFFERATH and was described as 


Mycotorula lambica by HARRISON. 


7. CANDIDA PSEUDOTROPICALIS (CAST.) BASGAL . 
One variety belongs to this species: z 
Candida pseudotropicalis (Cast.) Basgal var. lactosa (Harrison) 
Diddens et Lodder. 


a Synonyms of the species 


Endomyces pseudotropicalis Cast. (1911) 
Monilia pseudotropicalis (Cast.) Cast. et Chalmers (1913) 
Atelosaccharomyces pseudotropicalis (Cast.) Froilano de Mello et Gonzaga 
- Fernandes (1918) 
Myceloblastanon pseudotropicalis (Cast.) Ota (1928) 
Mycocandida pseudotropicalis (Cast.) Cif. et Red. (1935) 
Castellania pseudotropicalis (Cast.) C. W. Dodge (1935) 
Mycotorula pseudotropicalis (Cast.) Red. et Cif. (1947) 
Torula cremoris Hammer et Cordes (1920) 
Candida mortifera Red. (1925) 
Mycocandida mortifera (Red.) Langeron et Talice (1932) 
Monilia mortifera (Red.) Martin, Jones, Yao et Lee (1937) 
Candida mortifera Red. var. a Red. (1925) 
Blastodendrion procerum Zach (Wolfram und Zach 1934) 
Monilia pseudotropicalis (Cast.) Cast. et Chalmers var. pseudotropicalis Cast. (1937) 
Monilia pseudotropicalis (Cast.) Cast. et Chalmers var. metapseudotropicalis Cast. 
[(1937) 
aa Synonyms of the variety 


Torula lactosa nom. nud. 

Mycotorula lactosa Harrison (1928) 
Saccharomyces kefyr Beijerinck (1889) 

Torula kefyr nom. nud. 1) 

Mycotorula kefyr (Beijerinck) Harrison (1928) 
Torulopsis kefyr (Beijerinck) Lodder (1934) 
Cryptococcus kefyr (Beijerinck) Skinner (1947) 
Mycotorula lactis Tritper (1928) 


6 Original description and historical survey of the species 


CASTELLANI (1911) isolated from sputum in cases of bronchomoniliasis some 
cultures which he named Endomyces pseudotropicalis. He gave a rather vague and 
incomplete description in 1911. In 1912 he designated especially the lactose 
fermenting yeasts by this name (CASTELLANI 1912 b). In 1937 he gave a more detailed 





; : : ; : : 

) Brerrck never named this organism Torula kefyr, but since he reported 
Saccharomyces kefyr to be asporogenous, this yeast was mentioned in the various 
lists of cultures of the “C.B.S.” as Torula kefyr Beijerink. 
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scription of this organism which had been placed in the genus Monilia. This 
escription runs as follows: 


Growth on glucose agar: Cells roundish or slightly ovoid, usually 3—5 yp. 
Tycelium (pseudomycelium) usually very scanty or absent. Colonies white, smooth. 


Fermentation: Glucose + Maltose — 
Galactose + Lactose +- 
Saccharose + Inulin +, for most strains. 


Growth in litmus milk: Some strains clot and partially digest milk, others 
o not cause coagulation, but all form acid. 

CASTELLANI further mentioned that some of his species produce gas in soluble 
barch. 

On account of the differences which his strains show in the fermentation of soluble 
farch and in their behavior in litmus milk CasTELLANI distinguished two varieties: 
ar. pseudotropicalis which slowly clots milk and does not ferment soluble starch, 
nd var. metapseudotropicalis which does not clot milk and ferments soluble starch. 

DIDDENS and LoppeER (1942) pointed out that these characteristics are, however, 
ot suitable for a systematic differentiation. The behavior of yeasts in solutions of 
oluble starch will be too much dependent on the kind of starch used, z.e. on the 
egree to which the native starch has been broken down. Clotting of milk by this 
east may be connected with the simultaneously occurring acid production, as 
videnced by the reddening of the litmus and, therefore, may depend on the 
uantity of acid produced. Since all the strains of this yeast produce some acid, 
ne clotting of the milk may be a character of a quantitative but not of a qualitative 
ature. 

BasGau (1931) brought this organism into the genus Candida as Candida 
seudotropicalis +). 


As is evident from the list of synonyms there are still other specific names by 
hich C. pseudotropicalis has been designated. As they were generally accepted 
s synonyms we will not enter into further details. 


According to Winpiscu (1948) C. pseudotropicalis is used in Germany for the 
roduction of food yeast from whey. 

Saccharomyces fragilis has to be considered as the perfect form of C. pseudo- 
opicalis (DipDENS and LoDDER 1939 b). 

For its relation to Candida macedoniensis cf. p. 536. 


fp Original description and historical survey of the variety 





Kuvyver isolated an organism from buttermilk which he did not describe. It 
as kept in the collection of the “C.B.S.” as Torula lactosa Kluyver. KLUYVER 
ed this yeast in his biochemical sugar determinations. 

In 1928 Harrison, who named it Mycotorula lactosa, gave the following 








scription: 

1) The synonym Candida pseudotropicalis (Cast.) Langeron et Guerra (1938) 
to be rejected. The French authors obviously were not aware that as early as 
31 Bascat had placed this organism into the genus Candida. 
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In young malt extract and malt agar cultures: Cells are ellipsoidal, 
(3—3,5) x (4—6) w and cylindrical, 2 4 wide and of varying length. In malt extract 
a sediment is formed. In old cultures the cells of the sediment are round, ellipsoidal, 
cylindrical to mycelium-like. 

Streak culture on malt agar: Whitish, raised, shiny, becoming dull and 
slightly ridged. 


Fermentation: Glucose + Maltose — 5 
Galactose + Lactose + 
Saccharose + Raffinose + 
Inulin + 


DippENs and LoppER (1942) who studied an authentic strain, found the cells 
to be larger, especially longer and the pseudomycelium more coarsely and less 
regularly developed than in C. pseudotropicalis. They, therefore, separated this 
strain from C. pseudotropicalis as a variety, t.e. var. lactosa. 


The other synonyms of this variety will now be shortly discussed. 

BEIJERINCEK isolated an organism from kefyr grains which he named Saccharomyces 
kefyr. He (1889, 1891) gave the following description: 

The colonies are like those of the brewer’s yeast but smaller and with a crenated 
border. 

On lactose gelatin the cells are oblong, measuring 3—6 yw. According to 
BEIJERINCK’s drawing, however, the yeast cells in the kefyr grains measure 
(5,6—9,3) x (11,3—15,6) wu. 

Fermentation: Glucose + Maltose — 

Saccharose ++ Lactose + 

HarrRIson (1928) who studied a culture of the authentic strain, often observed 
in malt extract ellipsoidal cells with hyphal threads. He, therefore, brought this 
organism into the genus Mycotorula. 

LoppER (1934) who did not observe a distinct pseudomycelium with blastospores, 
placed it into the genus Torulopsis. This was the cause that 7’. kefyr was not recognized 
as a Candida species and that its relation to C. pseudotropicalis passed unobserved. 


y Standard description of Candida pseudotropicalis 


Growth in malt extract: After 3 days at 25° C. cells are 
short-oval to oval, (3—5) x (4,5—9) and occasionally long-oval up to 
18 w (Fig. 186). A sediment and rarely a thin ring are formed. Sometimes 
there is a very slight odor of fruit ether 1). 


After one month at 17° C. a sediment and sometimes a thin ring are 
formed. 


*) The development of an odor of fruit ether, the growth at higher temperatures 
and the fermentation of inulin were studied in these strains. These properties were 
namely described for C. pseudotropicalis and for C. macedoniensis. As there exists 
a close relationship between these two species (ef. p. 538) it seemed appropriate to 
establish these properties for all strains belonging to both species and the variety 
of C. pseudotropicalis. 
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Streak culture on malt agar: After one month at 17° C. 
the streak culture is cream-colored to yellow, soft, almost flat, glistening 


with a somewhat sinuous margin. In a few strains the streak culture is 
curled all over the surface. 


a 


“NI 
\ 


= 





Fic. 186 — C. pseudotropicalis 
After 3 days in malt extract 





Fie. 187 — C. pseudotropicalis 
Shde culture, potato agar 


gees ; 
At 40° C. there is still good growth '). . 
Slide cultures: The pseudomycelium is delicately formed; there 
is a particularly abundant development on potato agar or corn meal Sey 
The development is according to the type “Mycocandida” (Fig. 187). 





1) See note on p. 514. 
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Fermentation: Glucose + Maltose — 

Galactose ++ Lactose +- 

(sometimes weak) 

Saccharose -+ Raffinose + 1, 

Inulin + 4) © 
Sugar assimilation: Glucose + Maltose — 

Galactose ++ Lactose ++ 


Saccharose ++ 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Slight growth. 
Growth in litmus milk: Some strains coagulate the milk. 
Acid is always produced ”). 
Splitting of arbutin: Positive. 








lia. 188 — C. pseudotropicalis var. lactosa 
After 3 days in malt extract 


1) See note on p. 514. 
*) Cf. chapter II, p. 32. 


Candida pseudotropicalis 
Cu. VII, § 2] SUBFAMILY CRYPTOCOCCOIDEAE 517 


yy Supplementary description of Candida pseudotropicalis var. 
lactosa 


Growth in maltextract: After 3 days at 25° C. cells are 
oval to long-oval, measuring (3,5—6) x (7—15) mw, in pairs or in short 
chains. The cells are generally bigger than those of the variety (Fig. 188). 
A sediment is formed and sometimes a thin ring. 


After one month at 17° C. a pellicle and a ring are formed. 

There is no smell of fruit ether 1). 

Slide cultures: The development of pseudomycelium is rather 
abundant on potato agar and on corn meal agar. The pseudomycelium is 
rather coarse and much ramified. The verticils are small, generally 
composed of one or two blastospores (type ‘““Mycocandida’’). 

Growth in litmus milk: Coagulation of the milk. Acid is 
ulways produced 2). 

Splitting of arbutin: Variable. 


é Origin of the strains belonging to the species 


15 strains were studied. 

Two strains were received as Monilia pseudotropicalis: one in 1929 from 
ENGELHARDT (Germany), one in 1935 from CAsTELLANI (London). 

Astrain labeled Mycocandida pseudotropicalis was sent by VERONA (Italy) in 1939. 
[tt had been isolated from the feces of a child (VERONA e MaLaGuzzI-VALERI 1939). 
From REDAELLI (Italy) two strains, Candida mortifera and Candida mortifera 
par. a were received, respectively in 1926 and in 1924. They had been isolated 
rom pus from the lungs in a fatal case of tuberculosis. 

A strain labeled Torula cremoris was received in 1932 from the ‘N.C.T.C.” 
London). This strain is probably an authentic one isolated by HAMMER and CoRDES 
1920) from yeasty cream. Hor (1943) ascertained its identity with C. pseudo- 
ropicalis. 

In 1935 a strain Blastodendrion procerum was sent by Zacu (Vienna). He had 
solated it from an affection of the nails of a little girl (WoLFRAM und Zacu 1934). 

A strain labeled Torula casei was received in 1939 from BERNHAUER (Prague). 
t was probably isolated from cheese. We could not trace a description of this strain. 
Three mislabeled strains were received: one named Blastodendrion intermedium 
yas sent in 1929 by Crrerrt (Rep. Dominicana), a second one Mycotorula 
cedoniensis was received in 1934 from REDAELLI (Italy), whereas the third one 
as sent as Mycocandida paratropicalis by LANGERON (Paris) in 1935. 

The four remaining strains were not labeled and were identified in the “C.B.S.”. 
Two came from medical institutes in Holland. 

The other two were sent in 1938 from England respectively from the ‘Effluent 
esearch Laboratory” at Ellesmere and from the ‘Water Pollution Research 












1) Of. the note on p. 514. 
2) Of. chapter II, p. 32. 
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Laboratory” at Minworth. Both had been isolated in an experimental plant in 
which milk and whey effluents were purified. 


Of these 15 strains eight are of human origin and three more strains are most 
probably of human origin. 


The strain labeled Monilia pseudotropicalis which was sent in 1935 by 
CASTELLANI has been maintained as the type strain of this species. 


ce Origin of the strains belonging to the variety 


4 strains were studied. 

An authentic strain, described by Harrison as Mycotorula lactosa, was isolated 
by Kiuyver (Holland) from buttermilk. 

The authentic strain of Sacch. kefyr was isolated by Br1sERINCK (Holland) from 
kefyr grains. 

A strain labeled Mycotorula lactis was sent in 1937 by Larrer (U.S.A.) who 
received it from HENNEBERG (Germany). 

The last strain, labeled ‘‘lactose yeast”’, was received in 1945 from Smrr (Holland). 


The first strain, isolated by Kituyver from buttermilk, has been 
maintained as the type strain of this variety. 


8. CANDIDA GUILLIERMONDII (CAST.) LANGERON ET GUERRA 


One variety belongs to this species: 

Candida guilliermondii (Cast.) Langeron et Guerra var. 
membranaefaciens nov. var. 

a Synonyms of the species 


Endomyces guilliermondi Cast. (1912 b) 

Monilia guilliermondi (Cast.) Cast. et Chalmers (1913) 

Myceloblastanon guilliermondi (Cast.) Ota (1928) 

Mycotorula guilliermondi (Cast.) Langeron et Guerra (1935) 1) 
Blastodendrion guilliermondi (Cast.) Guerra (1935) 

Castellania guilliermondi (Cast.) C. W. Dodge (1935) 

Monilia pseudoguilliermondi Cast. et Chalmers (1919) 

Castellania pseudoguilliermondi (Cast. et Chalmers) C. W. Dodge (1935) 
Monilia guilliermondi (Cast.) Cast. et Chalmers var. pseudoguilliermondi 


(Cast. et Chalmers) Cast. (1937) 
Torula fermentati Saito (1922 


Myceloblastanon arzti Ota (1924 b) 2) 

Myceloblastanon krausi Ota (1924 b) 2) 

Blastodendrion krausi (Ota) Cif. et Red. (1929) 2) 

Mycotorula krausi (Ota) Red. et Cif. (1947) = 

Candida tropicalis (Cast.) Berkhout var. rhagii Diddens et Lodder (1942) 


1) Mycotorula guilliermondi (Cast.) Cottini et Red. (CoTTINI 1939) has to be 
rejected as a synonym because already in 1935 this species was included in the 
genus Mycotorula by LANGERON and GUERRA. 

*) Ora (1924 b) included his species arzti and krausi into the genus Mycelo- 
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6 Original description and historical survey of the species 


CASTELLANI (1912 b) isolated this organism from sputum of cases of chronic 
ronchitis. He described it in 1912 as Endomyces guilliermondi. CaASTELLANI and 
HALMERS (1913) included this yeast in the genus Monilia. The description runs 
s follows: 


Growth in broth: A thin pellicle is formed; on peptone water, however, no 
ellicle. 


Fermentation: Glucose + Maltose — 
Galactose — (slight development of acid) 
(acid formed) Lactose — 
Saccharose + Raffinose + (weak) 


Growth in litmus milk: No clotting; the milk becomes alkaline. 

In 1937 CastTeLtiant added the following to this description: 

Growth on glucose agar: The culture is white, smooth. The cells are round 
r slightly oval, 3—6 yw in diameter, but some may be larger, others smaller. 
fycelium absent or very scanty. 

Splitting of arbutin: Frequently positive. 


In 1919 CasTELLANI and CHALMERS mentioned Monilia pseudoguilliermondi. 
his species only differs from Monilia guilliermondi in clotting milk. In ‘Die 
naskosporogenen Hefen, II Halfte’”’ this species was not accepted; the strains 
hich merely differed from C. guilliermondii in clotting milk were also included in 
nis species. 

As is evident from the list of synonyms this species has been classified in many 
pnera. LANGERON and GUERRA (1938) brought it into the genus Candida. 

It has also been described under various specific names. Almost all these species 
rere already identified with C. guilliermondii by DippENs and LoppErR (1942). 
herefore, we shall not go into the history of all these names. 

The last mentioned synonym, however, OC. tropicalis var. rhagii is a variety 
reated by DippENs and LoppeEr for a strain isolated by MULLER (1934) from a 
irva of a Rhagium species. In restudying this strain we came to the conclusion 
hat it is identical with C. guwilliermondit. 

In 1942 in ‘“‘Die anaskosporogenen Hefen, II Hialfte’’ a strain which mainly 
iffered from C. guilliermondii in utilizing potassium nitrate as nitrogen source was 
rought as a variety to C. guilliermondii, viz. var. nitratophila. 

WICKERHAM and Burton (1948) found, however, still other differences between 
he species and the variety. The species can assimilate the following compounds 
hich the variety cannot assimilate: galactose, sorbose, melibiose, l-arabinose, 





astanon, subgenus Blastodendrion. He incorrectly named them after the subgenus: 
lastodendrion arzti and Bl. krausi. In a reprint of his paper sent to the ‘C.B.S.” 
le, however, had corrected the names in Myceloblastanon arzti and Mycelobl. krausi. 
Crrerri and REDAELLI (1929) chose the latter species as the type of their genus 
lastodendrion. In 1947, on the contrary, they included this species in the genus 
ycotorula. Incorrectly they mentioned among the synonyms of Mycotorula kraust 
lso Cryptococcus krausi Ota and its synonym Parendomyces krausi (Ota) C. W. 
odge (1935). Cr. krausi, however, was described by OTA as a species different 
om Mycelobl. krausi. 
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ribose, rhamnose, dulcitol, calcium 2-ketogluconate. They, therefore, could not 


accept this variety. eet ; 
In agreement with the value we now attach to the assimilation of nitrate, we, 


too, consider this strain as belonging to a separate species. It could be identified 
with C. utilis. Consequently the variety nitratophila is no longer accepted. 
As is mentioned we recognize another. variety, 7.e. var. membranaefaciens. 


According to the investigations of BURKHOLDER (1943, 1944) and TANNER jr et al, 
(1945) various strains of C. guilliermondii are able to synthesize relatively large 
quantities of riboflavin. 


/ y Standard description of Candida guilliermondii 


Growth in malt extract: After 3 days at 25° C. cells are 
round or short-oval, small, (2—5) x (83—6) mw (Fig. 189); sometimes round 
giant cells, 5,2—7,5 w and usually long 
pseudomycelial cells, (3—4) x (7—13) uw 
are formed. 

A sediment is formed and usually a 
ring; occasionally after several weeks’ 
cultivation a pellicle or some islets are 
present. 

Streak culture on malt agar: 
After one month at 17° C. the streak 
culture is yellowish to cream-colored, soft, 
usually smooth and shiny, seldom wrin- 
kled and dull. = 

Slide cultures: Generally an 
abundant development of pseudomycelium 
and blastospores. The pseudomycelium consists of chains of stalagmoid 
cells which partly may extend into the air. The blastospores develop 
in small chains or in little wreaths. They are small, usually stalagmoid 
or round. The development is according to the type ‘“Blastodendrion” 
or, when the pseudomycelium is much branched, according to the type 
“Mycocandida”’ (Fig. 190). 





Fie. 189 — C. guilliermondii 
After 3 days in malt extract 


Fermentation: Glucose + Maltose — 
Galactose — or (seldom very weakly +) 
weakly + Lactose — 
Saccharose -+- Raffinose + 1% 
Sugar assimilation: Glucose + Maltose + 
Galactose +- Lactose — 


Saccharose +- 
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Assimilation of potassium nitrate: Absent. 

Beranol as sole source of carbon: Usually growth 
occurs. 

Growth in litmus milk: In most cases the milk is not 
changed; it is sometimes coagulated. 

Splitting of arbutin: Positive. 


~2 p 








Fie. 190 — C. guilliermondit 
Slide culture, potato agar 


Many strains are able to form riboflavin. This is especially clear in 
me of the liquid media used in the assimilation tests. 
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yy Supplementary description of Candida guilliermondii var. 
membranaefaciens 


Growth in malt extract: After 3—4 days at 25° C. a dull, 
much folded, yellowish pellicle has developed. 

After one month at 17° C. the flask is filled with a membranous 
yellowish mass. 

Streak culture on malt agar: After one month at 17° C. 
the streak culture is cream-colored to yellowish, more or less tough, dull 
and wrinkled all over the surface. 

Ethanol as sole source of carbon: Good growth, a 
pellicle is formed. 

Growth in litmus milk: No coagulation, the color changes 
Y to blue. 


6 Discussion 


When we examined the strains included by DippENs and Loppsr in 
the species C. guilliermondii which had been maintained in the collection, 
it appeared that there were some differences between them, especially 
in the fermentation of raffinose, a property which had not been studied 
by the authors mentioned. Two strains did not ferment raffinose. One of 
these strains could not ferment saccharose either, the other one fermented 
it very, very weakly. Because of these properties they have a position 
intermediate between C. guilliermondii and C. parapsilosis. They appeared 
to be identical with the variety intermedia of the latter species. 

Among the raffinose fermenting strains most of them could not ferment 
the melibiose, some, however, could. Since the ability to ferment melibiose 
is considered by us as a valid property for specific differentiation, the 
melibiose fermenting strains were included in a separate species for which 
the name C. melibiosi is proposed. The remaining strains, those which 
ferment the raffinose up to the melibiose, are kept in the species 
C. guilliermondii. As a consequence of this separation most of the 
synonyms of C. guilliermondii may also be considered as synonyms of 
C. melibiosi. 

In 1946 and 1947 a few strains were received in the “C.B.8.” which 
showed the main characteristics of C. guilliermondii, but differed in the 
formation of a heavy, dry, folded pellicle on malt extract. After a few 
weeks of cultivation the flask was filled with a membranous, folded, 


yellowish mass. Also the streak culture on malt agar was different from 
the other strains. 
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These differences were so striking that it induced us to separate these 
trains together with one strain which had been identified before with 
'. guilliermondii, and also showed this property, as a variety from the 
pecies. We propose for this variety the name membranaefaciens 4 y 

In the historical survey we discussed the fact that the variety 
itratophila could no longer be accepted. 


e Origin of the strains belonging to the species 


6 strains were studied. 

A strain labeled Monilia guilliermondi came in 1935 from CASTELLANI (London). 

A second strain was received in 1946 from the “A.T.C.C.’’. It is BURKHOLDER’s 
iboflavin strain. 

An authentic strain of Torula fermentati was received in 1923 from Sarro (Dairen, 
Manchuria). It was isolated from the air (Sarro 1922). 

Two strains were received in 1924 from Ota (Japan), viz. Myceloblastanon arzti 
nd Myceloblastanon krausi. 

The first strain was isolated by Arzt (1923) from the blood of a woman with 
in. ulcer of the cheek. It appeared to be a mixture of two yeasts which were isolated 
n 1924 in the “C.B.S.” and distinguished as type A and B. Type A is identical 
vith C. guilliermondii, type B with C. melibiosi. 

The second strain was received by Ota from LINDNER’s collection. Probably it 
vas isolated from an ulcer of a horse. 

The last strain, Candida tropicalis var. rhagii, was obtained in 1932 from 
SCHWARTZ (Germany). MULLER isolated this strain from the coeci of a larva of a 
Rhagium species. 


Three strains are of human origin. 


The strain received in 1935 from CASTELLANI as Monilia guilliermondi 
nas been maintained as the type strain of this species. 


ee Origin of the strains belonging to the variety 


6 strains were studied. 

Four strains were received from MAcKINNON (Montevideo) in 1946. They were 
labeled Candida chalmersi 813 and 814, C. chalmersi variant R and C. chalmersi 
variant 8S. 

The strains labeled C. chalmersi 813 and 814 originally came from Mrak (U.S.A.). 
hey were isolated from figs and dates. The two variants R and § are rough and 
mooth modifications of one of these strains. 

Mraxk, Poarr and VaucuHn (1942) had identified these strains with C. chalmersi 
nd also MACKINNON and ARTAGAVEYTIA—ALLENDE (1945) and MacKINNON (1946) 


escribed them under this specific name. 
We, however, do not agree with this identification because of the following. 








1) It seems not at all excluded that this variety may be nothing but the R- 
ariation of the original type. 
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In the first place CASTELLANI who created the species chalmersi, considered as 
its most prominent feature the production of a dark brown or reddish-brown 
pigment on glucose agar (CASTELLANI 1937). Moreover, C.chalmersi as described 
by LANGERON and GueERRA (1938) which description does not agree with that of 
CASTELLANI proved to be identical with C. parapsilosis (C. parakruset), cf. p. 554. 

As the strains mentioned here neither produce a black pigment on glucose agar 
nor are identical with C. parapsilosis they cannot be identified with C. chalmersi 
sensu Castellani nor with C. chalmersi sensu Langeron et Guerra. 

They only differ from C. guilliermondii in developing a heavy pellicle after a short 
cultivation on malt extract. We, therefore, included them in the variety mem- 
branaefaciens. Dr J. E. MACKINNON with whom we amply discussed this problem 
agreed with our classification. 

A strain was received in 1939 from WrnpiscH (Germany) and isolated from 
gooseberry jelly. 

The last strain was received in 1947 from the “Instituut Pasteur” at Bandoeng 
(Java). It was isolated from pleural liquid. 


From the six strains studied one is of human origin. 


As type strain of this variety strain 813, received as C. chalmersi from 
MACKINNON, has been chosen. 


9. CANDIDA HUMICOLA (DASZEWSKA) DIDDENS ET LODDER 


a Synonyms 


Torula humicola Daszewska (1912) 

Mycotorula humicola (Daszewska) Harrison (1928) 

Apiotrichum porosum Stautz (1931) 

Candida suaveolens Langeron et Guerra (1938) 1) 
[nee Sachsia swaveolens Lindner (1895); nec Oospora suaveolens (Lindner) Lindau 
(1907); nee Oidiwm suaveolens Krzemecki (1913); nee Cylindriwm suaveolens 
(Krzemecki) Burns (1933)] 


6 Original description and historical survey 


The original strain had been isolated from heath soil. DaszEwsKA (1912) gave 
the following description: 

Growth in grape must: A delicately folded pellicle is formed. Little alcohol 
is produced. 

Growth on broth agar: Cells round or oval. The cells reproduce by budding. 
The daughter cells easily free themselves from the mother cell or they grow out to 
a thread-like filament. The colonies have a yeast-like appearance. 

HARRISON (1928) classified this organism in the genus Mycotorula. He gave a 
more complete description which runs as follows: 

Growth in malt extract and on malt agar: Cells cylindrical, very 
variable, measuring in average 2,2 —5,2 u. They bud at the ends. Hyphae are formed. 





) As will be later discussed the designation Candida suaveolens (Lindner) Cif. 
used by LanGERon and Guerra is not correct. 
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A thick, white, creeping pellicle and a sediment are formed. The cells of the 
ellicle on a culture 73 days old are round, ellipsoidal, cylindrical and irregular. 
tound cells measure 1,6—7 y, ellipsoidal cells in average 3 x 5 “, cylindrical cells 
»2 « in diameter, whereas the length is very variable. 

On malt agar the growth is dull, spreading, rugose, whitish; in older cultures more 
oarsely rugose. 

Fermentation: Absent. 

Growth in litmus milk: Acid is produced; the milk is slightly coagulated 
nd peptonized. 

In “Die anaskosporogenen Hefen, II Hilfte” this species was included in the 
enus Candida. 


The other synonyms mentioned will now be discussed. 

STAUTZ isolated repeatedly from black exudations of Taxus baccata and once 
om black-brownish exudations of an oak an organism for which he created a 
ew genus: Apiotrichum. The organism was named Apiotrichum porosum !). 

He found in this yeast septate mycelium and conidia. On the conidia arise new 
onidia. They are formed on sterigmata or at the end of the hyphae. The conidia 
10uld not reproduce by budding. 

DIDDENS and LoppeErR, however, observed in an authentic strain besides mycelium 

uany budding yeast cells. The cells interpreted by Sraurz as conidia are 
lastospores. They identified this organism with Candida humicola. 
The name Candida suaveolens (Lindner) Cif. is often used for this species. This 
esignation, however, is entirely based on an error. This organism is neither 
lentical with Sachsia suaveolens Lindner nor has it been mentioned as Candida 
waveolens (Lindner) Cif. by CIFERRI. 

The cause of this error was a very odoriferous culture isolated from “cassava 
ag’ by CirerrRi. This culture was sent to the “C.B.S.” in 1931 by CrFERRI as 
eotrichum suaveolens (Lindner) Cif. and was considered by him as identical with 
achsia suaveolens Lindner (1895, 1906), a mold forming a greenish to black pigment. 
Later CirFERRI, however, agreed with the opinion of the “‘C.B.S.” that his culture 
not identical with Sachsia suaveolens Lindner, but that it belongs to the genus 
eotrichum. CIFERRI then thought it was identical with Oidium suaveolens Krzemecki 
}913). 

Although the “‘C.B.S.” agreed neither with this identification, it was admitted 
hat CIFERRI’s culture is more closely related to Oidiwm suaveolens (both belonging 
») the genus Geotrichum) than to Sachsia suaveolens. 

LANGERON and Guerra received this culture in 1932 from the “C.B.S.”. They 
rst agreed that it belonged to Geotrichum, but later they told the “C.B.S.” that 
had a yeast-like appearance. They described it in 1938 as Candida suaveolens 
indner) Cif. and they sent a culture to the “C.B.S.” in 1940. This culture, however, 
as quite a different one from the one the “C.B.S.” had sent them in 1932. It was 
lly identical with C. humicola. 

We can only explain this confusion by supposing that the original culture must 












1) SrautTz gave this name to the organism because of the shape of the conidia. 
e name Apiotrichum may be derived from the Greek words “‘apion” (pear) and 


hrix” (hair); porosus means porous. 
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have got contaminated in France, because the culture the “C.B.S.” received in 
1931 from CrreRR! still shows its original characteristics. 

SKINNER (1947) supposed that CrreRRi’s culture should have lost the ability to 
form arthrospores in France. This, of course, is not impossible, as such a degeneration 
has been earlier reported, but, if so, the culture should have gained the ability to 
form blastospores in the same time, for as is known in the genus Geotrichum only 
arthrospores and no blastospores are formed. If such changes should be possible, 
it has no longer sense to try to classify such organisms. To us, however, such 
changes seem impossible. In the collection of the ‘“‘C.B.S.” the strains of C. humicola 
did not form arthrospores. CIFERRI’s culture of Geotrichum suaveolens has always 
formed arthrospores and no blastospores and is still doing so. 

As the designation Candida suaveolens (Lindner) Cif. is incorrect, we changed it 
into Candida suaveolens Langeron et Guerra. We included this name in our list of 
synonyms of C. humicola although it might have been better to have evaded this 
name at all. 


y Standard description of Candida humicola 


Growth in malt extract: After 3 days at 25° C. cells are 
very variable, either long-oval to elongate or cylindrical, slender, 
(2,5—5) x (8—22) mw, sometimes curvated and (or) lemon-shaped to 
spindle-shaped (Fig. 191). A sediment and a dull, white or yellow folded 
or wrinkled pellicle are formed. 





Fie. 191 — C. humicola 
After 3 days in malt extract 


After one month at 17° C. the pellicle is dull, thick, yellowish and much 
folded. 

Streak culture on malt agar: After one month at 17° G. 
the streak is yellowish, tough, occasionally hairy, dull or glistening, raised, 
much folded with a sinuous margin. 
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Slide cultures: Mycelium is abundantly developed. True myce- 
lium predominates. Simple verticils are formed which chiefly consist of 
long-oval blastospores, lying close to the filament. Giant cells may be 
formed. The mycelium is often wavy (Fig. 192) 


ea 


Fie. 192 — C. humicola 
Slide culture, potato agar 


Fermentation: Absent. 

Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose +- 
Saccharose + 
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Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Slight growth; a 


sediment and a thin pellicle are formed. 
Growthin litmus milk: Coagulation and partly peptonization 


of the milk. 

Splitting of arbutin: Positive. 

>) 

e Origin of the strains studied 

4 strains were studied. 

One is the original strain of Daszewska (Switzerland) isolated from heath soil 
and sent to the ‘“‘C.B.S.”’ in 1913. 

A second strain was described by Srautz (Germany) as Apiotrichum porosum 
and isolated from exudate of a yew tree or an oak. This strain was received in 1930. 

? The third strain was received in 1940 from LANGERON (Paris). It is the strain 

about which was fully reported in the historical survey. 

The fourth strain was received in 1940 from Henricr (U.S.A.). It had been 
isolated from mushrooms. 


DaszEWsKA’s authentic strain has been maintained as the type strain 
of the species. 


10. CANDIDA RUGOSA (ANDERSON) DIDDENS ET LODDER 
a Synonyms 
Mycoderma rugosa Anderson (1917) 
[nec Endomyces rugosus Cast. (1912); nec Monilia rugosa (Cast.) Cast. et Chal- 
mers (1913); nec Hemispora rugosa (Cast.) Cast. et Chalmers (1919); nee 


Parendomyces rugosus (Cast.) Ota (1924 b); nec Triochosporon(um) rugosum 
(Cast.) Ota (1926); nec Geotrichum rugosum (Cast.) C. W. Dodge (1935)] 


6 Original description and historical survey 


ANDERSON (1917) isolated this yeast from human feces. He gave the following 
description: 

In various cultures: The cells in young cultures are elliptical, oblong, 
elongate or somewhat irregular ; in old cultures the cells on the surface of the medium 
are oblong, ovate or elongate. Beneath the surface very long, narrow cells of hyphal 
character are produced by the elongation of the bud at the distal end of another 
elongate cell. No septate mycelium is formed. Budding in young cells occurs from 
end or shoulder. The size is 3 6,5 ym. 

A heavy pellicle is formed on beer wort and on sugar media. 

Growth on glucose agar slant: The streak is white, dull and flat, but not 





*) “Starch” production was studied in connection with the relationship which 
exists between C. hwmicola and C. curvata. In 3 of the 4 strains “‘starch’’ production 
could be demonstrated under adequate conditions, in the fourth strain it was very 
weak to absent. For ‘“starch”’ production in C. hwmicola ef. also ASCHNER and 
Cury (1951). 
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spreading; later the surface becomes glistening and decidedly rugose and pitted. 
Bushy growth may extend downward into the agar at points along the streak, 
Fermentation: No fermentation. 


Growth in litmus milk: No change. 

According to ANDERSON this species only differs from several other Mycoderma 
species in the rugose appearance of its streak cultures and of its giant colonies. 

In 1942 Dippens and LoppeEr brought this species into the genus Candida. 

Candida rugosa is not identical with Endomyces rugosus Castellani and its synonyms 
which are all synonyms of T'richosporon cutaneum, cf. p. 619. 


y Standard description of Candida rugosa 


Growth in malt extract: After 3 days at 25° C. cells are 
oval, long-oval or cylindrical, measuring (2—3,4) x (4,3—15,5) w (Fig. 193). 
A pellicle is formed, usually within a week, often already after two days. 
his pellicle is dull or glistening, usually smooth, but sometimes folded. 

After one month at 17° C. a heavy sediment and a ring are formed. 
Sometimes the pellicle has fallen to the bottom. 

Streak culture on malt agar: After one month at 17° C. 
cream to grey-yellowish, soft, usually glistening, almost smooth to 
wrinkled in the middle of the streak or over the entire surface; the margin 
s often surrounded by pseudomycelium. 

Slide cultures: The pseudomycelium usually develops well on 








Fic. 193 — C. rugosa Fic. 194 — C. rugosa 
After 3 days in malt extract Slide culture, potato agar 
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potato agar. The development is not very characteristic. Often there is 
little difference between the cells of the pseudomycelium and the 
blastospores (Fig. 194). The blastospores are usually arranged in long 
chains which may be branched. 

Fermentation: Absent. 


Sugar assimilation: Glucose + Maltose — 
Galactose + Lactose — 
Saccharose — 


Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: Slight growth. 

Growth in litmus milk: No coagulation; the color usually 
changes to blue. 

Splitting of arbutin: Absent. 


6 Discussion 


In “Die anaskosporogenen Hefen, II Hilfte’’ the description was based 
on one strain only. As now several strains were studied, we had to make 
some small alterations in the description as given by DippENs and LoppER. 


e Origin of the strains studied 


8 strains were studied. 

One strain labeled Mycoderma rugosa was received in 1935 from the “A.T.C.C.”’. 
This strain originally came from ANDERSON who isolated it from human feces. 

A strain mislabeled Cryptococcus aggregatus Anderson was received in 1947 from 
NerGrRonNI (Buenos Aires). Further details are not available. 

The six other strains were unnamed strains. 

One came from CrrERRI (Rep. Dominicana). It is of human origin. 

Another strain was received in 1948. It was isolated from sputum in Holland. 

Four strains were received in 1946 from Prrre (Holland). They were isolated 
from fermenting butter. 


Consequently four of the eight strains studied are of human origin. 


The authentic strain of ANDERSON received from the ““A.T.C.C.”” has 
been maintained as the type strain of the species. 


ll. CANDIDA REUKAUFII (GRUSS) DIDDENS ET LODDER 


a Synonyms 


Anthomyces reukaufii Griiss (1917 —’18) 
Nectaromyces reukaufii (Griss) H. et P. Syd. (1918) 
Nectaromyces cruciatus Schoellhorn (1919) 
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6 Original description and historical survey 


According to Grtss, REUKAUF (1911—’12) described this species for the first 
time, but he did not name it. SCHUSTER and ULEHLA (1913) who made a detailed 
study of nectar yeasts probably also studied this species, but they did not classify 
it either. 

Gruss (1917—’18) isolated this yeast from the flowers of several plants. He 
named it Anthomyces reukaufii in 1918. 

As the name Anthomyces already in 1899 had been given to a genus belonging 
to the Uredinales (DieTEL 1899), Sypow and Sypow (1918) suggested changing this 
name into Nectaromyces reukaufii (Griiss) H. et P. Sydow. 

SCHOELLHORN (1919) who also studied this yeast named it Nectaromyces cruciatus, 
apparently unaware both of Griss’ publication on Anthomyces reukaufii and of the 
alteration of this name proposed by the Sypows. 

Of Gruss’ ample description (1917—’18, 1925, 1926 a,b) we cite the following: 

In the nectar of the flowers the cells of this yeast are arranged in a tridental 
form. This tridental form, also named tetrad form, cross form, or aeroplane form, 
arises because at one end of the stretching mother cell one cell is formed in the 
same direction, and, near the opposite end, two cells arise in opposite directions. 
The three daughter cells also stretch themselves. By cultivating in ordinary liquid 
media this tridental form gets lost and single round or oval cells are formed, 
8—10 uw in diameter. Also rather big cells with one or more oildrops were observed, 
surrounded by a mucous layer. These are dormant cells (‘“Dauerzellen”’). 

It was possible to regain the tridental form by cultivating the yeast in the nectar 
of flowers or in a nitrogen free or in a nitrogen deficient medium with a high sugar 
concentration, although even then many cells were oval. 

In the flowers of the various plants slightly different types were observed. The 
occurrence of these types depends on the sugar concentration of the nectar. 

Gruss mentions that glucose is slightly or not fermented. Saccharose is not 
inverted. 

In 1924 this yeast was thoroughly studied by Haurmann. He found that the 
characteristic arrangement of the cells only occurs in media with a low nitrogen 
concentration (0,001 % peptone), a high sugar concentration (at the lowest 20 % 
saccharose) and a good aeration 1). Instead of sugar a high salt concentration can 
be used. Consequently the osmotic concentration of the liquid medium is the factor 
necessary for the special arrangement of the cells. The cross modification, as 
HAUTMANN calls this arrangement, consists of slender, club-shaped cells, which are 
thickened at one end. Other yeasts cultivated in the special media did not show 
the cross modification. After longer cultivation in malt extract dormant cells may 
appear. They often have a double wall and contain many small oildrops or one 
large one. 

The yeast occurs in nature in the cross modification or as dormant cells. It 
hibernates in the stomach of bumble bees and in the spring it is transferred into the 


nectaries of the flowers. . | 
Two races were observed, one with wrinkled, dull colonies and one with smooth, 


i é ine i actor for 
1) Rieper—BavpeEs (1947) mentions that aneurine is also a necessary fact 


the development of the cross modification. 
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glistening colonies. The cells of the former are arranged in a kind of pseudomycelium. 

Napson and KRASSILNIKOV (1927) also studied this yeast. They observed, after 
cultivation under unfavorable conditions —at temperatures of 35—37° C. on malt 
agar —a type which formed long thin cells, 1 —2,5 wide and up to 50 # long. This 
type formed a true mycelium with round or slightly oval conidia. The conidia 
could sprout in a 10 % honey solution and could form either normal cells, or the 
cross modification, or they grew out to long mycelial hyphae which broke up 
into budding cells. This conidial type is not a mutation, but a modification which 
appears under unfavorable conditions. 

According to the Russian authors this organism does not belong to the true 
yeasts, because of its ability to form conidia. This induced Crrerri and REDAELLI 
(1929) to classify it in a new family, the Nectaromycetaceae. 

In “Die anaskosporogenen Hefen, II Halfte’” the supposition is made that the 
mycelium with conidia observed by the Russian authors is in fact a pseudomycelium 
with blastospores. Similar forms as described by Napson and KRASSILNIKOV were 
observed, but here they were indeed pseudomycelium and blastospores. Considering 
this, the special systematic position proposed by CrrERRI and REDAELLI was not 
accepted. Since a pseudomycelium was observed this yeast was classified in the 
genus Candida. 

During the last war this yeast was tested in Germany on its fat production with 
good results (RipPpEL-BALDES et al. 1948). 


y Standard description of Candida reukaufii 


Growth in malt extract: After 3 days at 25° C. cells are 
oval to long-oval, (3,5—5,5) x (7,5—12) mw, single or in short chains 
(Fig. 195). A sediment and a ring are formed. 

After one month at 17° C. a sediment, a ring and islets are present. 

In 20% or 30% honey solution: Cross formation always 
occurs. In some strains it is abundant, in others it is only scarcely present 
(Fig. 196). 

Streak culture on malt agar: After one month at 17° C. 
the streak culture is yellowish, dull, smooth or delicately wrinkled all over 
the surface, margin slightly sinuous. 

In the malt agar cultures of some strains the cross formation occurs: 
also many big cells with one or more oildrops and a double wall may be 
present (chlamydospores). 

Slide cultures: The development of pseudomycelium varies 
much with the strains. Some produce a well-developed branched pseudo- 
mycelium. Often the cells are stalagmoid, swollen at one end and rather 
thin at the other end. Rather long cells on which a round or oval cell has 
been formed, may also be present. These strongly resemble the conidial 
form described by Napson and KrasstLnrKov. 

In other strains only a primitive pseudomycelium consisting of chains 
of rather equal cells is formed. 
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Fic. 197 — C. reukaufii 
Fie. 195 — C. reukaufii Slide culture, potato agar 
After 3 days in malt extract (strain Griiss) 





Fic. 196 — C. reukaufit 
Cross formation on honey agar after 3 weeks (strain Griiss) 
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The strains which form a wrinkled streak culture on malt agar produce 
a better developed pseudomycelium than the smooth ones. It also seems 
that after cultivation on malt agar for many years the development of 
pseudomycelium is increased, but the tendency to form the cross for- 
mation is reduced (Fig. 197). 

Many big cells with oildrops are present in slide cultures. 


Fermentation: Glucose + Maltose — 
(unfrequently weak) 
Galactose — Lactose — 
Saccharose — 
Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Growth in litmus milk: Usually coagulated, but occasionally 
no change. 
Splitting of arbutin: Positive, often weak. 


6 Discussion 


This is a very remarkable yeast. It seems to be most closely related to 
Candida pulcherrima. Both show the same physiological characteristics. 
Moreover, the big cells with oildrops observed in C. reukaufii, though not 
round, strongly resemble the “‘pulcherrima”’ cells. For both species a 
conidial form has been described which appeared to be a pseudomycelium 
with long cells on which a round or oval cell had arisen. Further in both 
species chains of stalagmoid cells were observed. They can, however, be 
clearly distinguished from each other. The Candida pulcherrima strains 
never form cells in the cross formation, not even after they had been 
repeatedly transferred into a honey solution. Candida reukaufii never 
produces a red pigment on the usual culture media. 


e Origin of the strains studied 


5 strains were studied. 


A strain was received in 1928 from CIFERRI (Rep. Dominicana) who had received 
it from Napson from Leningrad. 


A second strain was received in 1931 from Griiss (Berlin). It was isolated from a 
flower of Linaria vulgaris. 


Three strains were received in 1946 from STANIER. They were isolated in the 





ee, 


% 
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laboratory of RiprEeL (Germany) 


from flower honey. They were used for fat 
production. 


The strain sent by C1rerrt has been maintained as the type strain of 
the species. 


12. CANDIDA MACEDONIENSIS (CAST. ET CHALMERS) BERKHOUT 
a Synonyms 


Monilia macedoniensis Cast. et Chalmers (1919) 

Myceloblastanon macedoniense (Cast. et Chalmers) Ota (1928) 

Blastodendrion macedoniensis (Cast. et Chalmers) Langeron et Guerra (1935) 
Mycotorula macedoniensis (Cast. et Chalmers) Red. et Cif. (Ciferri e Redaelli 1935) 
Castellania macedoniensis (Cast. et Chalmers) C. W. Dodge (1935) 


Mycotoruloides macedoniensis (Cast. et Chalmers) C. W. Dodge et Moore ( 1936) 
Monilia macedoniensoides Cast. et Taylor (1925) 


Castellania macedoniensoides (Cast. et Taylor) C. W. Dodge (1935) 
Monilia macedoniensis Cast. et Chalmers var. macedoniensoides (Cast. et Taylor) 
Saccharomyces fragrans Beijerinck (1895) [Cast. (1937) 


6 Original description and historical survey 


CASTELLANI isolated this organism from sputum. In 1919 CasTELLANI and 
CHALMERS gave only a short description of this species which they named Monilia 
macedoniensis. No more detailed description has been given afterwards. 

Here follows the description as given in 1919: 

Growth on glucose agar: The colonies are white. 


Fermentation: Glucose + Maltose — 
Galactose + Lactose — 
Saccharose ++ Inulin + 


Growth in litmus milk: Acid production and clotting. 


In 1925 CASTELLANI and Taytor described a new species Monilia macedonien- 
soides. CASTELLANI (1937) considered it as a variety of M. macedoniensis. He gave 
the following description of this variety: 

Growth on glucose agar: The colonies are white and smooth, composed of 
yeast-like cells, roundish or slightly oval, mostly 2,5—4,7 mw in diameter. 

In hanging drop cultures: Mycelium usually absent, but occasionally a 
small amount of it, ramified, 2—2,5 mw in diameter, may be seen. 

Fermentation: The same as that for M. macedoniensis. 

Growth in litmus milk: The variety differs from M. macedoniensis in not 
clotting the milk. , 

In “Die anaskosporogenen Hefen, II Hialfte’’ it is emphasized that a variety 
which is merely based on a difference in clotting milk or not, cannot be accepted. 
Therefore, M. macedoniensis var. macedoniensoides was considered as a synonym of 
C. macedoniensis. 

CASTELLANI further stated for both species and variety that some observers have 
described asci and that they, therefore, consider this organism to be a Saccharomyces. 
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Those strains which can sporulate were classified by DippENs and LoppER 
(1939 b) as Saccharomyces macedoniensis. Later on it appeared, however, that the 
correct name should be Saccharomyces marxianus (LODDER 1947). Consequently the 
latter designation is the name for the perfect form of Candida macedoniensis. 

As early as 1895 BEIJERINCK isolated a strain from compressed yeast. He named 
it Saccharomyces fragrans because of the pleasant odor it developed. 

BEIJERINCK gave the following description: 

The cells measure 5 to 6 uw; they are much smaller than those of the common 
baker’s yeast which measure 8 yp. 

Growth on gelatin: Three morphological forms were observed: one with 
ellipsoidal cells, one with long, thread-like cells and one with both types of cells. 

Fermentation: Glucose + 

Saccharose + 
Maltose — (neither assimilated) 

In media with glucose production of acetic ether. 

At 41° C. still good growth. 

The differences which BEIJERINCK observed in the growth on gelatin are evidently 
due to the formation of pseudomycelium. His description of Sacch. fragrans agrees 
very well with that of C. macedoniensis. 

BEWERINCK did not mention whether ascospores were formed. His description 
is not complete in this respect. Therefore, the name fragrans cannot be accepted 
for the perfect form of C. macedoniensis. Moreover, HaNSEN’s description of 
Saccharomyces marxianus dates from 1888 and has priority over Sacch. fragrans. 
Still less can fragrans be accepted for the imperfect form of Sacch. marxianus. 
Sacch. fragrans has to be regarded as a synonym of both C. macedoniensis and 
Sacch. marxianus. 

C. macedoniensis has been classified in many genera. BERKHOUT (1923) was the 
first to include it in the genus Candida. 

In “Die anaskosporogenen Hefen, II Halfte” it was already emphasized that 
there is a great similarity between C. macedoniensis and C. pseudotropicalis, and 
that these species merely differ in their behavior towards lactose. It was reported 
that this sugar is fermented by C. pseudotropicalis but is not attacked by 
C. macedoniensis. The same should apply to the perfect forms of both: Sacch. 
fragilis and Sacch. marxianus. 


y Standard description of Candida macedoniensis 


Growth in malt extract: After 3 days at 25° C. cells are 
short-oval to long-oval, (3—5) x (3,5—8) “ (Fig. 198). An odor of fruit 
ether develops 1). A sediment and sometimes a ring are formed. 

After one month at 17° C. a sediment and a ring are present. 

Streak culture on malt agar: After one month at 17° C. 
cream-colored to grey-yellowish, almost smooth to somewhat striped, 
glistening. 

At 41° C. good growth 3), 


1) Cf. the note on p. 514. 
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Slide cultures: The development is exactly like that of C.pseudo- 
tropicalis. The most suited media are also potato agar and corn meal agar. 
The development is according to the type “Mycocandida” (Fig. 199). 





Fie. 198 — C. macedoniensis Fie. 199 — C. macedoniensis 
After 3 days in malt extract Slide culture, potato agar 
Fermentation: Glucose + Maltose — 
Galactose + Lactose — 
Saccharose -+ Raffinose + 14 
Inulin + 1) 
Sugar assimilation: Glucose + Maltose — 
Galactose + Lactose + (weak) 





Saccharose ++ 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Growth in litmus milk: No change. 
Splitting of arbutin: Positive. 





1) Cf. the note on p. 514. 
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6 Discussion 


Our results of the sugar assimilation show a slight deviation from 
those obtained by DippEns and LopprEr. We found the assimilation of 
lactose to be positive. The fact is that, according to the auxanographic 
method, no assimilation of lactose could be observed. In the tests in 
synthetic liquid media according to WICKERHAM growth could be seen in 
the lactose media already after one week. Consequently the difference 
between ©. macedoniensis and C. pseudotropicalis is still less important 
and only concerns the fermentation of lactose. The same applies to the 
perfect form of both species, i.e. Sacch. marxianus and Sacch. fragilis. 


e Origin of the strains studied 


2 strains were studied. 

The first strain was labeled Monilia macedoniensis and was received from JOEKES 
from London in 1920. Further details are not available. BERKHOUT studied this 
strain. 

The second strain was labeled Saccharomyces fragrans. It was received from 
Mayer (Holland) in 1936. It has been isolated from commercial compressed yeast 
from Schiedam (Holland). 


Probably the first strain is of human origin. 


The first strain has been maintained as the type strain of the species. 


13. CANDIDA ZEYLANOIDES (CAST.) LANGERON ET GUERRA 
a Synonyms 


Monilia zeylanoides Cast. (1920) 
? Mycotorula zeylanoides (Cast.) Red. et Cif. (Ciferri e Redaelli 1935) 2) 
Parendomyces zeylanoides (Cast.) C. W. Dodge (1935) 

Pseudomonilia zeylanoides (Cast.) C. W. Dodge et Moore (1936) 2) 
Cryptococcus macroglossiae Cast. (1925) 

Monilia macroglossiae Cast. (1925) 

Torulopsis macroglossiae (Cast.) Cast. et Jacono (1933) 

Mycocandida macroglossiae (Cast.) Red. et Cif. (Ciferri e Redaelli 1935) 
Blastodendrion macroglossiae (Cast.) Langeron et Guerra (1935) 
Parendomyces macroglossiae (Cast.) C. W. Dodge (1935) 

Monilia zeylanoides Cast. var. macroglossiae Cast. (1937) 

Cryptococcus uvae Poll. et Nann. (apud Motta 1926) 

Monilia uvae (Poll. et Nann.) Vuillemin (1931) 

Torulopsis wvae (Poll. et Nann.) Lodder (1934) 


*) An authentic strain of Mycotorula zeylanoides proved to be identical with 
C. tropicalis, cf. p. 511. 


2) DopgE and Moore unjustly designated this organism as Pseudomonilia 
zeylanoides (Shaw) C. W. Dodge et Moore. 
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Syringospora uvae (Poll. et Nann.) C. W. Dodge (1935) 
Blastodendrion canis v. Szilvinyi (1933) 
Monilia parazeylanoides Cast. (1937) 


6 Original description and historical survey 


CASTELLANI (1920) isolated this organism from sputum. He gave the following 
description: 

The color of the colonies is yellowish. No fermentation. With glucose, galactose 
and maltose acid is produced, occasionally with saccharose and lactose. 

In 1937 CasTELLANI gave a somewhat more detailed description: 

The colonies on glucose agar are white and smooth. The cells are roundish or 
slightly ovoid, 3—6 w diam. Milk is not clotted. No fermentation. This yeast may 
produce acid in glucose- and in several other sugar containing media. 

In this year also Monilia parazeylanoides was described by CASTELLANI (1937). 
This species only differs from M. zeylanoides in liquefying gelatin. In ‘Die 
anaskosporogenen Hefen, II Hialfte’’ it is considered as a synonym of C. zeylanoides. 

In 1939 CasTELLANI described a strain of Candida zeylanoides isolated from a 
lesion of a toe. In this description he added that the cells on glucose agar measure 
(1—4,5) x (2—6) yw, usually 2,6 x 4 yw. In the condensation water of the cultures 
the cells may be larger, 4,5 x 7,5 w. The splitting of arbutin is positive after one 
week’s cultivation. Litmus milk becomes slightly alkaline. 

In 1938 Lancreron and Guerra classified this organism in the genus Candida. 
They studied an original strain received from CasTELLANI. Their description is 
given here as far as it completes that given by CASTELLANT. 

In peptone broth with 2% glucose islets appear after a few days. They 
may form a pellicle in 13 days. A ring is not formed. 

In Ravurn’s liquid medium no pellicle and no ring are formed. 

Pseudomycelium is difficult to obtain, the blastospores may be rather long and 
somewhat swollen at the base, sometimes arranged in little verticils according to the 
type ‘““Mycotorula’’. 

Sugar assimilation: Only glucose is assimilated. 

Ethanol as sole source of carbon: There is scarcely any growth. 


This organism has been described under several names. Since these are now 
generally accepted as synonyms of C. zeylanoides we shall not enter here into the 
history of these names, with the exception of Cryptococcus uvae and its synonyms. 

Cryptococcus uvae was isolated in 1925 by Morra (1926) from the throat, probably 
from the uvula. It was identified by Pottacct and Nannizzi (1927 and apud 
Morra 1926) as a new Cryptococcus species which they named Cryptococcus uvae 
although they observed some filaments. 

VUILLEMIN (1931) brought it into the genus Monilia. . 

Although LopprEr (1934) observed a primitive pseudomycelium, she classified it 
in the genus Torulopsis. 

Dopce (1935) included it in the genus Syringospora. 

The more effective methods used by us for the pseudomycelium formation 
revealed a well-developed pseudomycelium for Torulopsis uvae. This made its 
identity with C. zeylanoides quite obvious. 
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y Standard description of Candida zeylanoides 


Growth in malt extract: After 3 days at 25° C. cells are 
oval to long-oval, (3—5) x (5—10) w (Fig. 200). A sediment and a ring 
are formed. 

Occasionally a thin pellicle after one month’s cultivation at 17° C. 

Streak culture on malt agar: After one month at 17° C. 
the streak culture is greyish-white, not much raised, soft, glistening, 
almost smooth to slightly striped at the margin; the margin may be 
surrounded by pseudomycelium. 

Slide cultures: Generally the pseudomycelium is not very well 
developed; a rather good development, however, is obtained on potato 
agar. The pseudomycelium is often branched with small verticils (type 
““Mycocandida’’). The cells may be curved or stalagmoid (type “‘Blastoden- 
drion’’) (Fig. 201). 





pao 200 — C. zeylanoides Fic. 201 — C. zeylanoides 
fter 3 days in malt extract Slide culture, potato agar 
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Fermentation: Absent. 
Sugar assimilation: Glucose +- Maltose — 
Galactose — Lactose — 
Saccharose — 


Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Scarcely any growth. 
Growth in litmus milk: The color changes to blue. 
Splitting of arbutin: Absent. 


6 Discussion 


This species resembles in many respects Candida mycoderma, viz. in the 
ermentation, the sugar assimilation, the behavior in litmus milk, and 


hat towards arbutin. Often, too, the pseudomycelium develops in the 
ame way. 


C. zeylanoides lacks, however, the property so characteristic of C. 
nycoderma, viz. the early formation of a dull, creeping pellicle on malt 
xtract. Moreover, the cells in young cultures are not cylindrical. 


e Origin of the strains studied 


22 strains were studied. 
Four strains were received labeled either Cryptococcus, Monilia, Mycocandida or 
lastodendrion macroglossiae. All four strains originally came from CasTELLANI 
London). Two strains were received directly from CasTELLANI; one in 1926 and 
ne in 1935; one strain was received from REDAELLI and Cirerri (Italy) in 1934 
nd one from LANGERON (Paris) in 1935. Further details are not available. 
One strain was labeled Cryptococcus wvae and was probably received from Morra 
italy). It was isolated from the throat (uvula). It is the strain described by LODDER 
8 Torulopsis uvae. 
A strain, labeled Blastodendrion canis v. Szilvinyi, was received from ZAcH 
Vienna) in 1935. It was isolated from scales of the skin of a dog affected with 
prmatitis. 
16 strains were not named. 
Ten were received in 1941 and 1942 from Ortre (Holland). All were isolated from 
he mouth or throat of normal or diseased people (ORIE 1946). 
Four strains were received from hospitals or medical institutes in Holland. Two 
ere isolated from sputum, one from bile, and one from the skin of a guinea pig. 
Two strains were received in 1934 from Scort (Australia) as yeasts No. 15 and 
lo. 71. They were isolated from chilled beef. They were at that time provisionally 
ified as Mycotorula species and so mentioned by Scorr (1936; EmMpry and 
otT 1939) in his publications. 





From these 22 strains 18 strains are of human and 4 strains of animal origin. 


The strain received in 1935 from CASTELLANI as Cryptococcus macro- 
ssiae has been maintained as the type strain of the species. 
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14. CANDIDA PELLICULOSA RED. 


One variety belongs to this species: 
Candida jelliculosa Red. var. cylindrica Diddens et Lodder. 


a Synonyms of the species 


Mycocandida pelliculosa (Red.) Guerra (1935) 

Mycoderma cerevisiae Desm. var. pulverulentum nom nud. 
Endoblastoderma pulverulentum Fischer et Brebeck (1894) 
Torulopsis tonsillae Carnevale—Ricci (1926) 

Cryptococcus tonsillae (Carnevale—Ricci) Nann. (1934) 


aa Synonyms of the variety 


Mycoderma cerevisiae Desm. var. pulverulentum nom, nud. 


6 Original description and historical survey of the species 


In 1925 REeEDAELLI described a yeast which he named Candida pelliculosa. It had 
been isolated from pus of the lung in a fatal case of tuberculosis. The description 
runs as follows: 

Growth in malt extract: A white-yellowish, irregular ring, 5 mm high, a 
thick pellicle and finally a heavy sediment are formed. 

Growth on potato and on carrot: The colonies are milk white, sometimes 
a little yellowish (on carrot), the surface is irregular, mammillary. The cells are 
round, short-oval to elliptical, 2,5 x 2,75 w to 5 x 7,5 wm. 

Growth in beer and in glucose broth: Besides the above mentioned 
cells a septate mycelium with chlamydospores is formed. 

Fermentation: Only glucose is fermented. 

Sugar assimilation: Galactose + 

Saccharose not inverted, 
Lactose split. 

Assimilation of potassium nitrate: Slightly positive. 

Ethanol as sole source of carbon: Abundant growth; a ring is formed. 

Probably because of its prominent property to form a pellicle on liquid media 
REDAELLI has given the name pelliculosa to this species. 

An authentic culture of this strain was sent by REDAELLI to the “‘C.B.S.” in 
1926. Although the properties of this culture, described in “Die anaskosporogenen 
Hefen, II Halfte’” do not correspond very well with REDAELLI’s description, yet it 
was accepted as Candida pelliculosa mainly because it was an authentic strain. 

Consequently the definition as given by REDAELLI was modified in some respects, 
ef. the standard description. 

This description generally corresponds with that given by other authors who 
studied the same strain. There are, however, also some differences which have 
caused confusion in the definition of this species. These differences mainly relate to 
the assimilation of nitrogen. 

To clear up this confusion we give here the data of this strain. A subculture of 
the authentic strain was sent by the “C.B.S.” to LANGERON in 1931, GUERRA, who 
studied it at LANGERON’s institute, reported in 1935 a positive assimilation of 
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potassium nitrate. He renamed the strain M ycocandida pelliculosa. In the same 
ear LANGERON returned this strain now named M ycocandida pelliculosa to the 
C.B.8.”. Both, this culture and the original strain show a positive assimilation 
f potassium nitrate, urea, ammonium sulphate, asparagine and peptone. 

In 1938 LANGERON and GurrRRa classified this strain again as Candida pelliculosa. 
hey then stated, however, that only peptone was assimilated, urea, ammonium 
ulfate, potassium nitrate and asparagine were not. In 1936 LANGERON sent a culture 
f this strain to MAcKINNON who studied it twice; once in 1942 and once in 1945. 
n both occasions he got the same results as LANGERON and GUERRA in 1938, 
MACKINNON and ARTAGAVEYTIA—ALLENDE 1945; MacKINNON 1946) 1). This was 
indly communicated to us by Dr J. E. Mackinnon. 

In 1946 MacKkINNON sent his strain to us, whereas we sent our strain to him. 
fe could confirm our results and so could we his. 

Besides the lack in ability to assimilate ammonium sulfate, asparagine, urea and 
otassium nitrate *) MAcCKINNON’s strain is slower in forming a pellicle on liquid 
.edia and the streak culture on malt agar is glistening, whereas our culture has an 
lmost dull streak. 

Consequently between 1935 and 1936 some change must have occurred in the 
rain in Paris. It seems to us not very likely that the strain should have mutated. 
a the first place the two Delft cultures kept their characteristics during all these 
ears; secondly the change seems too considerable to be merely explained by 
hutation. 

Since, however, our strain kept its original characteristics, only this strain can 
e considered as the true Candida pelliculosa. 


The other synonyms of Candida pelliculosa will now be shortly discussed. 
BEIJERINCK isolated from lager beer at Rotterdam (Holland) a yeast which he 
pnsidered a variety of Mycoderma cerevisiae. He named it Mycoderma cerevesiae 
ar. pulverulentum, but he did not describe it. This strain was studied by FIscHER 
nd BREBECK (1894). They stated to have found ascospore formation in this strain, 
Is they also observed a phenomenon which they named endogenic cell formation 
'f. p. 479), they classified it in their genus Endoblastoderma as Endoblastoderma 
ulverulentum. The ability to form ascospores has, however, never been confirmed 
br this strain. 

CARNEVALE-Riccr (1926) described a yeast, Torulopsis tonsillae, isolated from 
pnsillar crypts. Since we could not obtain his publication, we got our information 
fom his description as quoted by Nannizzr (1934). It, in general, agrees with the 
psults of our study of this strain. 

As was mentioned in ‘“‘Die anaskosporogenen Hefen, II Hilfte” two modifications 
fere isolated, a dull and a glistening culture. The latter did not form a pellicle on 


alt extract. 
DippeNns and LoppeEr (1939 b) considered Hansenula javanica as the perfect 


rm of C. pelliculosa. 










1) Jn these papers the authors mention that asparagine is assimilated, ammonium 


lfate and nitrate are not. . 
2) In testing the nitrogen assimilation growth substances were amply provided 


yeast extract. 


Candida 


After 3 days in 
: CO ae malt extract 
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6B Original description and historical survey of the variety 


A strain labeled Mycoderma cerevisiae var. pulverulentum was received from Lrixp- 
NER. Its origin is not certain; it may be the original culture isolated by Be1ERrNcE. 

In “Die anaskosporogenen Hefen, II Hialfte” this strain was separated from 
C. pelliculosa as a variety: cylindrica because of the different shape of the cells in 
the pellicle on malt extract. 


y Standard description of Candida pelliculosa 

Growth in malt extract: After 3 days at 25° C. a white, 
dull, smooth or slightly wrinkled, more or less powdery pellicle and a 
sediment are formed. An oder of fruit ether develops. The cells are 
short-oval to oval, (2—5) x (4—8,5) uw; a few cells are longer, up to 11 
(Fig. 202). 

After one month at 17° C. a sediment and a dull, dry, creeping pellicle 
are present. 

Streak culture on malt agar: After one month at 17° C. 
the streak culture is white to yellowish, soft, dull, a little velvety, almost 
smooth, but sometimes the surface is powdery, delicately wrinkled. 

Slide cultures: The development of pseudomycelium is slow 


/ OF 
S © Fic. 202 


C. pelliculosa 





Fie. 204 — C. pelliculosa var. cylindrica Fic. 203 — C. pelliculosa 
After 3 days in malt extract Slide culture, potato agar 
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and not abundant. Typical ramifications forming right angles may occur; 
ilso pseudomycelial filaments cracked in a zig-zag way are formed. There 
are many blastospores and blastoconidia. The blastospores are arranged 
n branched or unbranched chains or in small verticils (type “Myco- 
sandida”’) (Fig. 203). Typical are the heaps of blastospores coating 
the pseudomycelium. 


Fermentation: Glucose + Maltose + 
Galactose + Lactose — 
Saccharose + Raffinose + 14 

Sugar assimilation: Glucose + Maltose + 


Galactose + (weak) Lactose — 
Saccharose + 
Assimilation of potassium nitrate: Positive. 
Ethanol as sole source of carbon: A white, dull 
ellicle is formed. An odor of fruit ether develops. 
Growth in litmus milk: No coagulation; the color changes 
0 blue. 
Splitting of arbutin: Positive. 


yy Supplementary description of Candida pelliculosa var. cylin- 
drica 

Growth in malt extract: After 3 days at 25° C. cells of the 

pellicle are different from those of the sediment, the former being thin, 

ylindrical to sausage-shaped, (1,5—3,5) x (8,5—17) mw (Fig. 204). The 

pottom cells have the same shape and size as the cells of sediment and 

pellicle of C. pelliculosa. 


6 Discussion 
Since Hansenula javanica is considered by us as identical with Hansenula 
nomala the latter species is the perfect form of C. pelliculosa. 


e Origin of the strains belonging to the species 


5 strains were studied. 
Two cultures originated from REDABLLI’s strain, which was sent by REDAELLI 


taly) in 1926. A subculture was sent in 1931 from the “‘C.B.S.”" to LANGERON and 
as returned by LANGERON in 1935. REDAELLI isolated this strain from pus of the 





ng in a fatal case of tuberculosis. 
A strain labeled Endoblastoderma pulverulentum Fischer et Brebeck was received 
om the “Kral” collection at Prague. It is said to be the authentic strain of 
ISCHER and BreBEecK. This strain originally came from BEIJERINCK, labeled 
ycoderma cerevisiae var. pulverulentum. BEIJERINCK had isolated it from lager 


eer at Rotterdam (Holland). 
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Two strains were received from Poxxacctr (Italy) in 1934. 

One was labeled Torulopsis tonsillae Carnevale-Ricci, the other Torulopsis varians 
Carnevale-Ricci. According to NANNIzzI, CARNEVALE—Ricc1 isolated these strains 
from tonsillar crypts. 

Of the strain labeled Torulopsis tonsillae two modifications, a dull and a 
glistening culture, have been described (DiIpDENS und LopDER 1942). 

The strain labeled Torulopsis varians did not correspond with CARNEVALE—RICcCcI’s 
description as mentioned by NANNIZzzI. 

The fifth strain was received in 1946. It had been isolated in Holland from 


human bile. 
Probably four strains are of human origin. 


The authentic strain of RepaELir has been maintained as the type 
strain of this species. 


ce Origin of the strains belonging to the variety 


Only 1 strain was studied. 
It was received in 1914 from LinpNrEr (Berlin) labeled Mycoderma cerevisiae var. 


pulverulentum. Further details are not available. 


15. CANDIDA UTILIS (HENNEBERG) NOV. COMB. 


a Synonyms 
Torula utilis Henneberg (1926) 
Torulopsis utilis (Henneberg) Lodder (1934) 
Candida guilliermondii (Cast.) Langeron et Guerra var, nitratophila Diddens 
et Lodder (1942) 
Torulopsis utilis (Henneberg) Lodder var. major Thaysen et-Morris (1943) 


6 Original description and _ historical survey 


This organism was probably mentioned for the first. time by Haypuck and 
HAEHN (1922) in their publication on zymase production in yeast. They did neither 
name nor describe it. It was known at that time as ‘Mineralhefe von Haypuck 
und HarHn’”’, 

HENNEBERG (1926) found this yeast as a contamination in nearly every German 
yeast factory. Already during the first world war it was cultivated in some yeast 
factories for food and fodder purposes, That will have been the reason why 
HENNEBERG named it Torula utilis. He gave the following description: 

The cells are roundish, egg-shaped or elongate. They measure 6 x 6,5 “, 6,5 X Su 
or 4,6 x (7,5—9) mw. If the growth rate is rather slow mainly roundish cells are 
formed, if it is faster longer cells appear. There is no mycelium-like growth. 

On liquid media no pellicle is formed. An odor of fruit ether develops. 

On malt gelatin the colonies are flat, roundish, glistening and grey, often 
with a flat, ring-shaped furrow. 

Fermentation: Glucose Maltose + (very weak) 

Galactose — Lactose — 
Saccharose + Raffinose + (very weak) 
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Growth in litmus milk: The milk becomes alkaline, 

HARRISON (1928) described this yeast as Torula mineralis Hayduck et Haehn. 
We, however, did not find this name in Haypuck and HaEHN’s publication, 

LoDDER (1934) classified this organism in the genus Torulopsis. 

According to Ktuyver and CUSTERS (1939 —’40) it does not ferment maltose 
but attacks this sugar under aerobic conditions. 

This organism is one of the best known yeasts 
yeast research. Further it has been largely applied in 
from cellulosic materials (wood) 

THAYSEN and Morris (1943) obtained a camphor mutant of this yeast with 
bigger cells, measuring 4,8 x 8,9 u, whereas those of the original strain measured 
3,8 X 7 uw. They named this mutant Torulopsis utilis var. major. 

FINK, GAILER and GLauBITz (1943, Fink 1948) 
conditions 7. utilis develops a pseudomycelium. Even a true mycelium might be 
formed. Under these conditions also a pellicle is formed on liquid media and the 
giant colonies have a rough appearance. WINDISCH (1947, 1948) partly confirmed 
these observations. By lowering the rH of the medium he also found the development 
of a pseudomycelium, however, without blastospores. The various strains greatly 
differed in their ability to form a pseudomycelium. A true mycelium was not 


observed. Winpviscu further found in a very few cases ascospore formation in 
r. utilis. 


and has been generally used in 
food or fodder yeast production 


observed that under anaerobic 


A synonym of C. utilis is Candida guilliermondii var. nitratophila. This variety 
was created by DippENs and LoppER (1942) for a strain labeled Mycotorula muhira 
Mattlet) Cif. et Red. This strain resembles C. guilliermondii in many respects, but 
t differs from this species in forming cylindrical cells and in assimilating potassium 
nitrate. 

A description of Mycotorula muhira by Crrerri and REDAELLI could not be 
ound, but Marrier (1926) gave a descripiion of Monilia muhira isolated from 
crapings of a tongue. Although this description is not in contradistinction to the 
yharacteristics found for the strain studied, the most prominent characteristic, the 
bility to assimilate nitrate, was not mentioned. That is the reason why DippENsS 
nd LoppeErR did not name the variety muhira. 

As has been mentioned (cf. p. 519) WicKERHAM and Burton (1948) found besides 
he above mentioned still other differences between C. guilliermondii and the 
ariety nitratophila. 


y Standard description of Candida utilis 


Growth in malt extract: After 3 days at 25° C. cells are 
val’), (3—5,5) x (5—9) mw (Fig. 205). There is some variance in the 
verage of the cell size. A sediment is formed and often a thin ring. 

After one month at 17° C. a sediment and a more or less well-developed 
ng may be present. 








*) In one strain, moreover, cylindrical pseudomycelial cells up to 17 « long 
ere observed. The streak culture on malt agar of this strain has a wrinkled 
ypearance, 
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Streak culture on malt agar: After one month at 17° C. 
grey-yellowish, soft, glistening, almost smooth 1), margin smooth. 

Slide cultures: The pseudomycelium is often abundantly 
formed, but generally primitively developed, forming trees of equal cells. 
In some strains, however, there is a distinct difference between pseudo- 
mycelium cells and blastospores (Fig. 206). 





Fic. 206 — C. utilis 
Slide culture, corn meal agar 
(strain from sputum) 


Fie. 205 — C. utilis 
After 3 days in malt extract 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose ++ Raffinose + 1 
Sugar assimilation: Glucose + Maltose + 
Galactose — Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Positive. 
Ethanol as sole source of carbon: Growth, there may 
even be good growth. 
Growth in litmus milk: No coagulation, the color turns blue. 
Splitting of arbutin: Positive. 





1) Cf. note 1 on p. 547. 
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6 Discussion 


Up till now this organism has been considered a Torulopsis species. 
Fink et al. (1943) and WinpIscu (1948), however, mentioned the formation 
of a pseudomycelium under anaerobic conditions. We, too, observed on 
potato agar and on corn meal agar, especially under the cover slip, a 
pseudomycelium which, though often primitively developed, is abundantly 
formed. In some strains the pseudomycelium shows a differentiation in 
pseudomycelial cells and in blastospores. The original strain of C. utilis 
forms a rather primitive pseudomycelium; in the strain formerly 
designated as C. guilliermondii var. nitratophila pseudomycelium formation 
is most differentiated. The other strains are intermediate. 

Since ascospore formation observed by WINDISCH was not found by us, 
neither by others, we will retain this species among the asporogenous 
yeasts. Because of pseudomycelium formation it has to be included in the 
genus Candida. 

THAYSEN and Morris designated their camphor mutant strain as a 

variety of C. utilis. As there is much variance in the size of the cells for 
the strains studied, the camphor strain cannot be clearly separated from 
the others. 
The strain formerly designated as C. guilliermondii var. nitratophila is 
slightly different from the others in the formation of a more differentiated 
pseudomycelium and in the aspect of the streak culture which is wrinkled 
and not smooth. These differences are not important enough to separate 
it from the others. 


e Origin of the strains studied 


6 strains were studied. 

The original strain was received in 1922 from HaArHN (Berlin). 

In 1940 a strain labeled Candida arborea was received from ‘“Technisches Buro 
Perkola” from Wrnpiscu (Germany). A description of C. arborea could not be found. 
Organisms designated as C. arborea were used in the German fodder yeast 
manufacture *). 

A camphor mutant of the original strain was received in 1945 from THAYSEN 
(England). 

The strain labeled C. guilliermondii var. nitratophila was received in 1939 from 
IFERRI (Italy). It had been isolated from a yeast deposit in a distillery at Rome. 
Two strains were isolated in Holland from sputum. 





Two strains are of human origin. 
1) Another strain labeled Candida arborea had been received in 1946 from BUNKER 
ho had obtained it in Germany. This strain is identical with C. tropicalis, ef. p. 510. 
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The strain received from Harun has been chosen as the type strain 
of this species. 


16. CANDIDA LIPOLYTICA (HARRISON) DIDDENS ET LODDER 


a Synonyms 


Torula lipolytica nom. nud. 

Mycotorula lipolytica Harrison (1928) 

Monilia cornealis Nann. (Nannizzi in: Bencini e Federici 1928) 
Proteomyces cornealis (Nann.) C. W. Dodge (1935) 
Pseudomonilia deformans Zach (Wolfram und Zach 1934) 
Candida deformans (Zach) Langeron et Guerra (1938) 

Candida olea van Rij et Verona (1949) 


6 Original description and historical survey 


This organism had been isolated from stale margarine in Holland. JAcoBSEN who 
studied it gave it the name Torula lipolytica because of its lipolytic action. He, 
however, never described it. ; 

It was sent to Harrison (1928) who classified it in the genus Mycotorula and 
who gave the following description: 

Growth in malt extract and on malt agar: The cells are ellipsoidal to 
cylindrical, variable in size. The ellipsoidal cells vary from 1,6 x 3,3 4to 2,5 x 6,6 u, 
the cylindrical cells have an average diameter of 1,6 uw and are from 6,6 to 20 i 
long. In older cultures the ellipsoidal cells measure 3,4 x 4,2 uw. The hyphal threads 
bear long ellipsoidal side buds, 

Growth in malt extract: A ring and a thin pellicle are formed; later also a 
heavy sediment. 

Growth on malt agar: The colonies are dull, whitish, rugose, later vermicular. 

Liquefaction of gelatin: After 3 days the liquefaction of malt gelatin starts; 
in 24 days it is completed. 

Fermentation: No fermentation. 

Growth in milk: The milk is completely peptonized; a pellicle is formed. 

Because of the development of a pseudomycelium this organism was classified 
in the genus Candida in “Die anaskosporogenen Hefen, II Hiilfte’’. 


DIDDENS and LoppER (1942) identified several species with C. lipolytica. The 
names of these species are listed among the synonyms. We further established the 
identity of O. olea with C. lipolytica. 


An extensive paper by PETERS and NEtson (1948) has appeared on the lipase 
production by this yeast. 


y Standard description of Candida li polytica 


1 . 
Growth in malt extrac t: After 3 days at 25° C. cells are 
long-oval to elongate; moreover there are also short-oval cells. The size 
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is very variable: (2—4,5) x (4—22) uu, the smaller oval cells measure 
(2—4,5) x (4—8,5) uw, the longish cells measure (2—4,5) x (9,5—22) pe) 
(Fig. 207). A sediment is formed and a very thin fragile pellicle. 
After one month at 17° C. a heavy sediment is 
formed, the pellicle has usually grown thick and 
tough. It may have sunk to the bottom. 
Streak culture on malt agar: After 
one month at 17° C. the streak culture is yellowish, 
dull, partly smooth or entirely reticulated. 
Liquefaction of gelatin?): Quick 
and complete liquefaction at 17° C. After one 
week the liquefaction is already obvious. 
Slide cultures: The pseudomycelium is 
very well developed, also true mycelium is usu- 
ally present; either long branched filaments with- 
out septa or septate mycelial threads. Blastospores 
are formed in small verticils (type “‘Mycocan- 
dida”’) or in small chains which arise terminally 
or pleurally at the mycelium. Rarely branched 
chains of blastospores are formed (Fig. 208). 





Fic. 208 
C. lipolytica 
Fic. 207 — C. lipolytica Slide culture, 
After 3 days in malt extract potato agar 


Fermentation: Absent. 


1) As there are also many pseudomycelial cells, there are still longer cells present. 
2) As the liquefaction of gelatin is so very pronounced, it is mentioned here. 
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Sugar assimilation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 


Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: No growth or little 
growth. Sometimes a pellicle is formed. 

Growth in litmus milk: The milk is peptonized. 

Splitting of arbutin: Absent or slightly positive. 

Splitting of fat): Positive. 


6 Discussion 

The identification of C. olea van Rij et Verona with C. lipolytica needs 
a further explanation. C. olea had been isolated from olives and was des- 
cribed in 1949. The authors separated it from C. lipolytica for the following 
reasons. Generally the cells are shorter. The pseudomycelium develops 
in a different way and no true mycelium is observed. The pellicle on 
malt extract remains thin, whereas in C. lipolytica it grows thick and 
tough. With ethanol as sole source of carbon there is better growth. 

Four freshly isolated lipolytic strains induced us to a re-examination for 
comparative purposes of the strains of C. lipolytica and of C. olea. It 
appeared that several of the above mentioned differences used for 
separating the two species had faded away. In the first instance in C. olea 
more hyphae and even true mycelium could be detected. The pellicle on 
malt extract also turned tough, whereas the aspect of the streak culture, 
partly smooth at first, was now wrinkled over the whole surface. The 
size of the cells was still somewhat smaller than in C. lipolytica. Some of 
the new strains still resembled the former species C. olea, but with 
transitional tendencies to C. lipolytica. 

Obviously the species C. olea has to be regarded as the more or less 
smooth form of C. lipolytica. It has, therefore, no specific rank and can be 
identified with C. lipolytica. 


é Origin of the strains studied 

12 strains were studied. 

The original strain isolated in 1921 from stale margarine and described by 
HARRISON was received from JACOBSEN (Holland). 
A strain labeled Monilia cornealis Nann. was received from Potuaccr (Italy) 
in 1930. FEDERICI isolated this strain from an injury of the cornea (NANNIzzI in: 
BENCINI e FEDERICI 1928, 1929; Potnacct e NANNIZzzI 1930). 


) JACOBSEN reported that this yeast has a very high lipolytic action, Therefore 
this characteristic was tested for all the strains belonging to this species. 
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A strain labeled Pseudomonilia deformans Zach was received in 1935 from ZacH 
(Vienna). WoLFRaM and Zacu (1934) isolated it from a nail affection. 

A strain mislabeled Monilia tumefaciens-alba was received in 1935 from Poxtuaccr 
(Italy); further details are not available. As has been mentioned on p-. 466 Monilia 
tumefaciens-alba is a synonym of C. albicans. 

One strain was obtained in 1950 from the ‘“‘A.T.C.C.”. It is BURKHOLDER’s strain 
No. 251. 

Three strains isolated from olives were received in 1949 from VERONA (Italy). 
They have been described as C. olea. 

Four strains were isolated from margarine in Holland. 


Two strains are of human origin. 


As the type strain of this species the authentic strain received from 
JACOBSEN and described by Harrison has been maintained. 


17. CANDIDA PARAPSILOSIS (ASHF.) LANGERON ET TALICE 


To this species belongs one variety: 


Candida parapsilosis (Ashf.) Lang. et Talice var. intermedia 
v. Ry et Verona. 
a Synonyms of the species 


Monilia parapsilosis Ashf. (1928) 

Mycocandida parapsilosis (Ashf.) C. W. Dodge (1935) 

Blastodendrion intestinale Mattlet var. epidermicum Cif. et Alfonseca (1931) 
Blastodendrion globosum Zach (Wolfram und Zach 1933) 
Schizoblastosporion globosum (Zach) C. W. Dodge (1935) 

Blastodendrion gracile Zach (Wolfram und Zach 1933) 

Schizoblastosporion gracile (Zach) C. W. Dodge (1935) 


f Original description and historical survey of the species 


ASHFORD (1928, 1929, 1932) did not describe this yeast very completely. He 
pnly mentioned some of its characteristics in his publications. He thus came to the 
following definition: 
The cells are smaller and more oval than those of Monilia psilosis (according to 
AsHForD the size of the cells of M. psilosis is 3,5—5 yu diam.). It forms a more 
delicate and branched mycelium than M. psilosis. 
Fermentation: Glucose + 
Galactose occasionally + 
Saccharose occasionally + 
Maltose — 
This yeast which is very commonly found, has been described by many others 
e.g. STovaLty and BuBowz (1932); Bennam and Hopkins (1933); FisHerR and 
RNOLD (1936); MARTIN et al. (1937)). Their descriptions agree rather well and are 


s follows: 
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Cells are oval or longish, irregular; giant cells are formed; the mycelium is 
branched. 

Fermentation: Only glucose positive. 

Acid production in media with saccharose and maltose. 

Growth in litmus milk: The milk is not clotted. 

LANGERON and TaLice (1932) brought this species into the genus Candida 3). 


Very often the name C. parakrusei is used instead of C. parapsilosis. We, 
therefore, will review shortly the history of C. parakrusei. 

CASTELLANI and CHALMERS (1919) described Monilia parakrusei as a species which 
differs from Monilia krusei only in clotting milk. CastELLANI (1937) even stated 
that M. parakrusei is morphologically and biochemically very similar to or identical 
with M. krusei, but that milk is not clotted. M. parakrusei, therefore, is considered 
by us as a synonym of C. krusei, ef. p. 494. 

LANGERON and GuERRA (1935, 1938), however, designated C. parapsilosis as 
Mycocandida and Candida parakrusei on the basis of priority, though incorrectly. 

Unfortunately C. parakrusei has been generally adopted as a name for C. 
parapsilosis by other scientists. It will, however, be clear that the designation 
C. parakrusei for C. parapsilosis ought to be rejected. 

A synonym of C. parapsilosis is Candida chalmersi, but only in the sense which 
LANGERON and GUERRA (1938) gave to this species. A strain of C. chalmersi received 
from LANGERON revealed no difference with C. parapsilosis. 

A short review of the history of C. chalmersi follows. 

CASTELLANI (1911) isolated an organism from a case of bronchomycosis which 
he first named Endomyces paratropicalis D, Later (1913) he changed the name 
into Endomyces chalmersi, in the same year together with CHaLMErRs into Monilia 
chalmersi*). They gave the following description: 

Growth on maltose agar: White. 


Fermentation: Glucose + Maltose — (acid) 
Galactose + (weak) Lactose — 
Saccharose ++ Raffinose — 


(sight formation of acid) 

Growth in litmus milk: First acid is formed, later the milk becomes alkaline. 

CASTELLANI and Taytor (1925), however, mentioned that this species forms 
on. glucose agar a dark brown pigment. In 1937 CasTELLANI stated that the 
colonies on glucose agar first are white, but later become dark brown or reddish 
brown. 

Since LANGERON and Guerra did not mention any dark brown pigmentation in 
their strains of C. chalmersi these cannot be identical with CasTELLANT’s organism. 





1) The designation Candida parapsilosis (Ashf.) de Camargo (1934) given by 
C. W. Dopvar (1935) is, therefore, not correct. 

*) Other synonyms are: 

Myceloblastanon chalmersi (Cast.) Ota (1928) 

Candida chalmersi (Cast.) Basgal (1931) 

Castellania chalmersi (Cast.) C. W. Dodge (1935) 

Mycotorula chalmersi (Cast.) Red. et Cif. (1947) 
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Consequently the French authors have designated their strains incorrectly as 
C. chalmersi. Instead they were identical with C. parapsilosis, 

Also Conant (1940) considered C. chalmersi sensu Langeron et Guerra identical 
with C. parapsilosis. 

Since LANGERON and GUERRA misnamed their strains C. chalmersi, we cannot 
mention this name among the synonyms of C. parapsilosis. 


fp Original description and historical survey of the variety 


This variety was described by Van Rig and Verona (1949) who isolated three 
strains from olives (fruits of Olea europaea). According to the two authors the strains 
belonging to this variety take a place intermediate between C. parapsilosis and 
C. guilliermondii. In the fermentation, especially in the weak or negative fermen- 
tation of saccharose, they resemble C. parapsilosis; in the tendency to form a 
pellicle and in the splitting of arbutin they approximate C. guilliermondii. Van Ris 
and VERONA suggested to classify these strains in C. parapsilosis as a variety, which 
they named var. intermedia. 

Since their description is covered by our description of this variety, it is 
omitted here. 


y Standard description of Candida parapsilosis 


Growth in malt extract: After 3 days at 25° C. cells are 
roundish to oval, also long pseudomycelial cells. The round or oval cells 
measure (2,5—5) x (4—8) w (Fig. 209). A sediment and a ring are formed. 

After one month at 17° C. a 
sediment, a ring and occasionally 
islets are present. 

Streak culture on malt 
agar: After one month at 17° C. 
cream-colored to yellowish, glisten- 
ing, soft, usually smooth, but some 
strains wrinkled, margin smooth. 

Slide cultures: The pseudo- 
mycelium is well developed. It is 
thin and much branched; the verti- 
cils are small, consisting only of a 
few blastospores; the blastospores 
may form small wreaths or small 
chains (type ‘““Mycocandida’’). 

Many blastoconidia are formed. Very characteristic of this species 
is the development of giant cells in the pseudomycelium. The cells may 
also be curved (Fig. 210). 





Fic. 209 — C. parapsilosis 
After 3 days in malt extract 
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Fermentation: Glucose + Maltose — 1) 

Galactose +, Lactose — 

often very weak 

Saccharose — 

or weakly + 
Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose — 


Saccharose + 





Fic. 210 — C. parapsilosis Slide culture, potato agar 


Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: No growth or a very 
weak growth. 

Growth in litmus milk: Milk is not coagulated, litmus turns 
blue. 

Splitting of arbutin: Absent. 


yy Supplementary description of Candida parapsilosis var. inter- 

media 

Growth in malt extract: After 2 weeks at 17° C. a dull, 
thin pellicle is formed. 

Slide cultures: Pseudomycelium is abundantly formed. It is 
thin and much branched, often consisting of curved cells. Few blastospores 
which are elongate or curved. No blastoconidia, no giant cells. 

Ethanol as sole source of carbon: Poor growth, a 
pellicle may be formed. 

Splitting of arbutin: Positive. 





1) In one case maltose is weakly fermented. 
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e Origin of the strains belonging to the species 

27 strains were studied. 

A strain labeled Candida parapsilosis was received in 1929 from ASHFORD 
(Puerto Rico). Further details are not available. 
aaa nae Davee ee : ak ae was received in 1935 from 

Sama 8 Se eat pee 28 from ASHFORD as Monilia parapsilosis. 

a ap arabieh apianl bala supa oe Coe hed from LANGERON (Paris). 
globosum and Blastodendrion gracile Woure a ne, Sn prenntss  Chakl 

| : AM and Zacu isolated these strains from 
diseased nails. 
es pa “Saree a ci aacereton var. epidermicum was received 
: : isolated it from a case of mycosis 
of the skin of the face. 

In 1928 a strain labeled Monilia onychophila was received from Morta (Italy). 
This strain was mislabeled since M. onychophila is a synonym of C. tropicalis cf. 
p. 503. Morra’s strain was sent to LANGERON who first classified it as Mycocandida 
onychophila (LANGERON et TALIcE 1932); later he identified it with C. parakruset 
(LANGERON et GUERRA 1938). 

In 1935 a strain labeled Myceloblastanon gifuense Taniguchi was received from 
the ‘‘A.T.C.C.’’. The strain originally came from Ora. TaniGucut (1927) described 
a strain which he isolated from a case of interdigital blastomycosis as Myceloblastanon 
gifuense. As his description is rather incomplete it is not possible to decide whether 
the strain studied is identical with TANIGUCHI’s strain. 

Also in 1935 a strain was received from Poxuacct (Italy) labeled Monilia fioccot. 
Potzaccr and Nannizzi (1928) described a strain isolated by Frocco from the skin 
of a man affected with dermatitis as Monilia fioccot. As this description is very 
incomplete where physiological characters are concerned, it is not possible to 
identify a strain with Monilia fioccoi. This name, therefore, should be considered 
a ‘nomen dubium”’. 

In 1936 a strain labeled Mycotorula vesica Harrison was received from the 
“N.C.T.C.”” (London). This is the only strain which ferments maltose weakly. 
Mycotorula vesica was isolated from the urinary bladder and described by HARRISON 
(1928). It is not quite clear whether or not our strain is identical with HARRISON’s 
strain, since it corresponds in some but not all respects with the description given 
by Harrison (no formation of a pellicle, fermentation of maltose). 

In 1939 two strains were received from the “A T.C.C.”, i.e. Castellania kartulist 
C. W. Dodge (1935) and Mycocandida skutetzkyi (Ota) C. W. Dodge (1935). Both 
strains originally came from Ora. They were mislabeled since their characteristics 
did not correspond with the descriptions *). 

In 1939 a strain labeled Mycotoruloides unguis (Weil et Gaudin) Langeron et 
Talice (1932) was received from BoEDIJN and VERBUNT (Java). These authors (1938) 
isolated this strain from a case of onychia and peronychia mycotica of a toe. They 
stated, however, that their strain does not fully correspond with the description 
(1918—’19). The latter authors isolated cultures from 


given by Wert and GAUDIN 
Spicaria unguis. Their organisms, however, were 


diseased nails which they named 





1) A strain labeled Myceloblastanon species de Kartulis was identified with 


C. krusei, cf. p. 498. 
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probably yeasts and no Spicaria’s. According to VUILLEMIN (1931) these strains should 
be classified in the genus Monilia, but they are different from Monilia onychophila 
Poll. et Nann,. LANGERON and TaLice (1932) classified the organisms of Wer and 
GAUDIN as Mycotoruloides unguis. Probably BoEDIJN and VERBUNT have designated 
their organisms as Mycotoruloides unguis because they had isolated them from nails, 
It is impossible to gather from the description of Wem and Gauprn what their 
organisms are like and, therefore, it will be better not to use the names Spicaria 
unguis or Mycotoruloides unguis. 

A strain was isolated from a culture of Blastodendrion intermedium Cif. et Ashf. 
where it occurred as a contaminant. The culture of Bl. intermedium was received in 
1929 from CiFERRI (Rep. Dominicana). 

13 unlabeled strains were received. 

Two came in 1932 from Borpisn (Java). They had been isolated from the so-called 
“tea fungus”’, a mixture of bacteria and yeasts used for the manufacture of tea-beer. 

One strain was received in 1942 from a Dutch brewery. 

One strain had beeu isolated in Holland from the skin of an ox. 

One strain had been isolated from a case of human blastomycosis at Prague; it 
was received in 1941. 

The eight remaining strains were all received from medical institutes, hospitals 
or private doctors in Holland. 

Two were received from Orte (1946). They had been isolated from the mouth or 
throat of normal or diseased people. 

One had been isolated from feces; one from the contents of the stomach; one 
from cerebral membranes; one from a case of impetigo herpetiformis; while for two 
strains the origin is not known. 


Of the 27 strains 22 are most probably of human origin; one is of animal origin. 
It is striking that many strains were isolated from diseases of the nails or skin. 


The strain received in 1929 from ASHFORD will be maintained as the 
type strain of the species. 


ee Origin of the strains belonging to the variety 


6 strains were studied. 

Three strains numbered 5, 8 and 10 were isolated by VERONA (Italy) from fruits 
of Olea europaea. 

The three other strains were originally identified by DrippENs and LODDER (1942) 
as C. guilliermondii. Since they ferment saccharose only weakly or not and no 
raffinose they belong to this variety. 

One of these strains was received in 1931 from Grtss (Berlin) labeled A nthomyces 
alpinus, race I. It had been isolated from a flower of a Phacelia species in the 
neighborhood of Locarno. Two properties ascribed by Griiss (1926 a, b) to this 
species, 7.e. a particular way of vegetative reproduction named by him ‘‘Palissaden- 
stellung’’ and spore formation, were not observed by DippENs and Lopper (1942) 
in the authentic strain. Since Griss’ description of these properties is not very 
convincing, the said authors doubted whether Griiss interpreted his observations 
correctly. These two properties were neither observed by us. 
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The second strain was mislabeled Mycotorula albicans. Tt was received in 1939 » 
om VERONA (Italy), who isolated it from decomposing carrots (VERONA 1938). 
ERONA and CIFERRI (1938 —’39) identified it with Mycotorula albicans. 

The last strain was received in 1939 from ZIMMERMANN (Germany) and was 
slated from turbid bottled wine (ZimMERMANN 1938). 


Strain No.5 of Verona has been chosen as the type strain of this variety. 


3. CANDIDA INTERMEDIA (CIF. ET ASHF.) LANGERON ET GUERRA 


a Synonyms 


Blastodendrion intermedium 1) Cif. et Ashf. (1929) 
[nec Mycotorula intermedia Krumbh. et Tauschanoff (1933)] 


6 Original description and historical survey 


This yeast was isolated in Puerto Rico together with Monilia psilosis from feces 
-a woman affected with tropical thrush. Crrerrt and AsHForD (1929) gave the 
llowing description: 

Growth in malt extract: A sediment, a ring and a pellicle are formed. 
Growth in yeast extract: The cells of the sediment are polymorph, usually 
und, but also pear-shaped, 1,5—4 mw diam., single or in short chains; the cells 
the pellicle are round, elliptical or oval, often in branched chains, 2—3 yu diam.; 
ant cells 4 wu. 

Growth in glucose peptone water: The cells of the sediment are larger, 
—6 uw diam, or (3—5) x (4—6) uw; the giant cells 7—8 yw, the long cells (2,5—3) x 
) wu. The smallest cells are usually not smaller than 2,5 mu, but also cells measuring 
—1,5 mw were observed. 

On GoropKowa agar: Very rarely apparently conjugating cells were observed. 
he authors, however, did not consider these forms as a true conjugation but as an 


normal sprouting. 


Fermentation: Glucose + (weak) Maltose + 
Galactose — Lactose — 
Saccharose + 

Sugar assimilation: Glucose + Maltose + 


Galactose + Lactose — 

Saccharose + 
Assimilation of potassium nitrate: Absent. 
LancEron and Guerra (1938) brought this species into the genus Candida. 
hey studied an authentic strain and observed mainly the same characteristics. 
ey only found that lactose also was assimilated. This was confirmed in “Die 










askosporogenen Hefen, II Hilfte’’. . PAS 
According to Conant (1940) this species should be a synonym of C. tropicalis. 


* ‘CT: n ” 
is conception was criticized in ‘“‘Die anaskosporogenen Hefen, II Halfte’’ and by 


1) Crrerri and ASHFORD named this species Blastodendrion intermedius. In 
33, already, in the catalogue of the “C.B.S.” this was changed into intermedium 
“9 ’ 

lowing art. 27 of the Intern. Rules of Botan. Nomenclature. 
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MacKkInNNon (1946). Differences both in morphology (development of pseudo- 
mycelium) and in physiology (assimilation of lactose) are against this synonymy, 


y Standard description of Candida intermedia 

Growth in malt extract: After 3 days at 25° C. cells are 
oval, (2,5—5) x (4,5—7) mw, usually in short chains (Fig. 211). A ring, 
a sediment and usually a thin pellicle or islets are formed. 

After one month at 17° C. a sediment and a ring are present. 

Streak culture on malt agar: After one month at 17° C. 
white-yellowish, soft, glistening, wrinkled. Margin almost smooth. 

Slide cultures: The pseudomycelium is not very well developed 
and there is not much difference between cells of the pseudomycelium and 
blastospores. The blastospores are usually arranged in small chains on the 
pseudomycelium (type ‘‘Mycocandida’’). Often the cells of the pseudo- 
mycelium and the blastospores are stalagmoid (type ‘“Blastodendrion’’) 


(Fig. 212). 
Fermentation: Glucose + Maltose + 
Galactose + Lactose — 
Saccharose + Raffinose + 1, 
Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose + 


Saccharose + 
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Fic. 211 — C. intermedia Fic. 212 — C. intermedia 
After 3 days in malt extract Slide culture, potato agar 


Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Growth in litmus milk: No change. | 
Splitting of arbutin: Positive. 
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6 Discussion 


Dippens and LoppEr (1942) included three strains in this species. 
Their third strain, originally labeled Blastodendrion flarert Cif. et Red. 
1935), is no longer accepted by us in the species Candida intermedia. The 
ormation of a pseudomycelium is so rudimentary, that its position in 
he genus Candida seems very dubious. Moreover, its fermentative ability 
s very weak and also in this respect it is different from the two other 
trains. In the two mentioned properties it agrees better with Torulopsis 
andida. Since also in other respects there is good agreement, we included 
his strain in the species Torulopsis candida, cf. p. 416. 

As will be evident this strain represents one of these intermediate 
orms which are often so difficult to classify. 


é Origin of the strains studied 


2 strains were studied. 

They were received labeled Blastodendrion intermedium. One was received in 
929 from CIFERRI (Rep. Dominicana). This strain was contaminated with Candida 
arapsilosis, cf. p. 558. 

The second strain came in 1931 from LANGERON (Paris). It was the original 
train of ASHFORD, isolated from feces. 


Both strains are probably of human origin. 


The strain received from LANGERON has been maintained as the type 
train of the species. 


19. CANDIDA BRUMPTII LANGERON ET GUERRA 


a Synonyms 


Blastodendrion brumpti Langeron et Guerra (1935) 
Candida ravauti Langeron et Guerra (1935) 


6 Original description and historical survey 


LANGERON and GuERRA (1935) first named this species Blastodendrion brumpti. 
ecording to them it belongs to that group of yeasts which have no fermentative 
bility. It is different from Bl. macroglossiae in that it can assimilate maltose. 
UERRA (1935) gave no further details; he only mentioned that the strain was 
olated from a case of “‘perléche”’. 

LANGERON and GuERRA (1938) brought the species into the genus Candida. They 


1en gave a more detailed description which follows: 
Growth in peptone water with 2 % glucose: After 5 to 6 days a mucous 


sllicle, a ring and a heavy sediment are formed. The liquid becomes turbid. 
In Ravtty’s liquid medium no pellicle and no ring are formed. 
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Growth on peptone agar with 2% glucose: The colonies are dirty 
white, soft, moist, smooth, but they may become folded which gives them a rough 
appearance. The margin is irregular with flattened, glistening fringes. 

Slide cultures: The pseudomycelium consists of ramified chains of elongate 
cells which may develop at their upper ends many polymorphic blastospores. 

Fermentation: No fermentation, or a very slight fermentation of glucose only. 


Sugar assimilation: Glucose + Maltose + 
i Galactose + Lactose — 
Saccharose — 


Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: Not much growth, no pellicle, no ring. 

Growth in litmus milk: No change. 

In 1938 LANGERON and GuERRA identified Candida ravauti with this species, 
C. ravauti had been isolated from a case of hyperkeratosis of the foot. It had been 
considered in 1935 by LANGERON and GUERRA as a separate species. 

According to Conant (1940) C. brumptii should be included in C. parapsilosis 
as the two species merely differ in the assimilation of saccharose. 

CONANT’s conception was criticized in ‘““‘Die anaskosporogenen Hefen, II Halfte”’. 
Candida brumptii was maintained since the two species differ not only in the 
assimilation of saccharose but also in the development of the pseudomycelium which 
is very typical in the case of C. parapsilosis. 


y Standard description of Candida brumptii 


Growth in maltextract: After 3 
days at 25° C. cells are small, round, oval, long- 
oval, occasionally stalagmoid, (1—3,5) x (2,5—7) u 
(Fig. 213). A sediment, a ring and occasion- 
ally a thin, incomplete pellicle are formed. 

After one month at 17° C. a sediment, a ring 
and a thick, moist pellicle are present. 

Streak culture on malt agar: After one 
month at 17° C. grey-yellowish, soft, not much iS 


glistening, coarsely folded to delicately wrin- | , 
kled, margin surrounded by pseudomycelium. ee 
oi | 


Fie. 213 — OC. brumptii Fie. 214 
After 3 days in malt extract 


\ 


- C. brumptit 
Slide culture, potato agar 
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Slide cultures: The pseudomycelium is usually well developed; 
he long, stalagmoid blastospores are arranged in long chains at the 
seudomycelium; often there is no difference between pseudomycelium 
ells and blastospores (Fig. 214). 

Fermentation: Very weak fermentation of glucose only, or no 
srmentation. 


Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose — 
Saccharose — 


Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Growth in litmus milk: No growth. 

Splitting of arbutin: Absent. 


e Origin of the strains studied 


Only 2 strains were studied. 

Both were received from LANGERON (Paris). 

One was labeled Blastodendrion brumpti and was received in 1936. No further 
ptails are available. However, it will most probably be the authentic strain isolated 
om a case of “‘perléche’’. 

The second strain was labeled Candida ravauti and was received in 1935. It had 
een isolated from a case of hyperkeratosis of the foot. 


Both strains are of human origin. 


The second strain, originally labeled Candida ravauti, has been main- 
nined as the type strain of this species. 


20. CANDIDA STELLATOIDEA (JONES ET MARTIN) 
LANGERON ET GUERRA 
a Synonyms 


Monilia stellatoidea Jones et Martin, (Martin et al. 1937, Jones and Martin 1938) 


Candida albicans (Robin) Berkhout var. stellatoidea (Jones et Martin) 
Diddens et Lodder (1942) 





6 Original description and historical survey 


Jones and Martin isolated many strains of Monilia stellatoidea from the vagina 


pregnant and non-pregnant women. 


They gave the following description: 
Growth in Sasovraup’s glucose broth: A sediment; no surface growth. 


Growth on Sapovuraup’s glucose agar: Creamy colonies. 


Growth on blood agar: The colony is composed of a small elevated central 


me from which thick tapering ‘‘arms” radiate in an irregular manner. These 
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thick radiating arms give the whole colony the appearance of a “‘star in the sky”, 
and by this it is clearly distinguished from the colonies of other species. 

On the surface of the medium budding cells are formed; mycelium threads are 
extending beneath the surface of the medium. 

A green pigment which resembles methemoglobin is produced as a greenish 
zone around the colonies. This pigment enables a differentiation of M. stellatoidea 
from M. albicans. 

Growth on corn meal agar slide cultures: Mycelia and dense ball-like 
clusters are formed, thus resembling the structures described as characteristic of M, 
albicans. Chlamydospores were observed. . 


Fermentation: Glucose + Maltose + 
Galactose — Lactose — 
Saccharose — 


No acid is formed in media with galactose and saccharose. 
In contrast to M. albicans the strains of M. stellatoidea were not pathogenic for 
rabbits. 
Conant (1940) summarized the differences between C. albicans and C. stellatoidea 
as follows: 
1. The rate of growth on blood agar is slower for C. stellatoidea and the appearance 
of the colonies is different: “‘stars in the sky”’. 
2. On blood agar only the colonies of CO. stellatoidea are surrounded by a greenish 
pigment. 
3. C. stellatoidea produces no acid in media with saccharose. 
4. Injected intracutaneously only C. albicans produces abscesses in rabbits. 
5. Injected itravenously C. albicans kills rabbits, whereas C. stellatoidea causes 
a peculiar head twist. 
6. C. albicans serum absorbed with C. stellatoidea still agglutinates C. albicans. 
7. C. stellatoidea has never been isolated from any part of the human body 
except the vagina. 
LANGERON and GuERRA (1939 —’40 a) brought this species into the genus Candida. 
In 1942 in ‘Die anaskosporogenen Hefen, II Halfte”’ this organism was classified 
as a variety of C. albicans. As we have mentioned before, cf. p. 471, we no longer 
subscribe to this classification, and in an agreement with our taxonomic principles 
we have re-established C. stellatoidea as a separate species, 


y Standard description of Candida stellatoidea 


Growth in malt extract: After 3 days at 25° C. cells are 
usually oval or longish, occasionally at one end somewhat pointed. They 
measure (2,5—6) x (5—12) w; most cells measure (3,5—4) x (6,5—8) u 
(Fig. 215). A sediment and a ring are formed. 

After one month at 17° C. a sediment and a ring are present. 

Streak culture on malt agar: After one month at 17° C. 
yellow, soft, margin fringed. 

Slide cultures: The development is the same as that described 
for C. albicans, ef. p. 472 (Fig. 216) 
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Fie. 215 — C. stellatoidea After 3 days in malt extract 








Fic. 216 — C. stellatoidea Slide culture, potato agar 
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Fermentation: Glucose + Maltose + 
Galactose — Lactose — 
Saccharose — 
Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose — 
Saccharose — 


Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: A _ sediment is 
formed. 

Growth in litmus milk: Coagulation. 

Splitting of arbutin: Absent. 


e Origin of the strains studied 


3 strains were studied. 

One strain was received in 1940 from BENHAM (New York). j 

The two other strains were received in 1941 from Conant (U.S.A.). These strains 
were distinguished by us as strain A and B. 


Most probably all three strains are of human origin. 


The strain chosen by DrppEns and LoppsEr (1942) as the type strain 
of C. albicans var. stellatoidea—a strain received in 1940 from ConantT— 
has died off. Accordingly we were compelled to choose a new type strain. 
Another of Conant’s strains, i.e. strain A, is now considered as the type 
strain of this species. 


21. CANDIDA CATENULATA DIDDENS ET LODDER 
a Synonyms 


Monilia rugosa nom. nud. 


[nec Endomyces rugosus Cast. (1912 b) and synonyms; nec Candida rugosa 
(Anderson) Diddens et Lodder (1942) and synonym] 


6 Original description and historical survey 


DIpDENS and LoppeEr designated with Candida catenulata a yeast isolated by 
ASHFORD in Puerto Rico from feces of a person affected with dysentery. ASHFORD 
provisionally named it Monilia rugosa, but he did not describe it. _ 

DrippENs and LoppeEr studied this yeast and gave a description which almost 
fully covers the standard description to which we refer. 

Since the species name rugosa had already been used in this genus it was named 
C. catenulata, because the blastospores often arise in chains at the pseudomycelium. 
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y Standard description of Candida catenulata 


Growth in malt extract: After 3 days at 25° C. cells are 
yval to long-oval, (1,5—4) x (3,5—10) yw; occasionally longer cells are 
»bserved (Fig. 217). A thin dull pellicle is formed. 

After one month at 17° C. a sediment, a ring and a pellicle are present. 

Streak culture on malt 
1gar: After one month at 17° C. 
sream-colored, soft, smooth or wrinkled 
ull over the surface ; the smooth cultures 
re glistening, the wrinkled ones are 
more or less dull; the margin is sur- 
rounded by pseudomycelium. 

Slide cultures: The pseudo- 
mycelium is rather well developed, typi- 
cal after a longer time of cultivation 
(10 days at 25° C.). The pseudomyce- 
ium may be bare or it has small 
verticils; often the blastospores are 
arranged in long chains which may be 


y 





Fic. 217 — C. catenulata Fic. 218 — C. catenulata 
After 3 days in malt extract Slide culture, potato agar 





branched; swollen cells or undulating pseudomycelium cells may be ob- 
served (Fig. 218). 
Fermentation: Glucose + Maltose — 
Galactose + Lactose — 
(often weak) 
Saccharose — 
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Sugar assimilation: Glucose + Maltose — 
Galactose + Lactose — 
Saccharose — 


Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: No growth. 

Growth in litmus milk: The milk is either slightly coagulated 
or its color changes to blue. 

Splitting of arbutin: Variable. 


é Origin of the strains studied 


3 strains were studied. 

One is the original strain of AsHrorD, received in 1939 from CrreRRI (Rep. 
Dominicana). It had been isolated from feces in a case of dysentery. 

The two other strains were labeled Torulopsis conglobata Redaelli and Torulopsis 
conglobosa. 

The first of these strains was received in 1937 from CIFERRI (Italy). Torulopsis 
conglobata had been described by REDAELLI (1925). His description, however, does 
not agree with the data found for this strain. This strain dissociated in a smooth 
and in a rough variant which were both rather stable. 

No details whatever are available of the strain labeled 7. conglobosa. It was, 
probably, misspelled for 7’. conglobata. This strain shows the same appearance as 
the smooth variant of 7. conglobata. 


Most probably all these strains are of human origin. 


ASHFORD’s strain has been maintained as the type strain of this species. 


22. CANDIDA JAPONICA DIDDENS ET LODDER 


a Synonyms 


Torulopsis albus Saito et Ota (1934) 
[nec Monilia alba Cast. et Chalmers (1919) and synonyms; nee Parendomyces 
albus Queyrat et Laroche (1909) and synonyms] 


6 Original description and historical survey 


This yeast has been isolated from ‘“Sake-moto” yeast from the Kiku Masamune 
Brewery in Uwosaki, Muho (Hyogo) Japan. 

Sarro and Ora (1934) gave the following description: 

Cells are round, egg-shaped, cucumber-shaped, long, irregular etc. Mycelium is 
formed. Round cells measure 5,1—9,5 p, egg-shaped (3,3—9,2) x (4,5 —11,3) a. 

The streak culture is white grey, moist, flat, the surface resembles the skin 
of a shark; margin lobed. 


The giant colony is ash white, dull, flat, the surface covered with warts, the 
margin lobed. 
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Fermentation: Glucose + (weak) Maltose + (weak) 
Galactose — Lactose — 


Saccharose + (weak) 
DippEns and LoppeEr (1942) studied this strain. They brought it into the genus 
andida because pseudomycelium and true mycelium developed. 
Since De Atmerpa (1933) classified an organism, described by QuEYRAT and 
AROCHE (1909) as Parendomyces albus, as Candida alba, the specific name alba 
suld not be used for this strain. DippENs and LoppeEr, therefore, named it 
andida japonica. 
Since the strain of C. japonica present in the collection of the ‘‘C.B.S.” has died, 
could not be studied. As standard description, the description of DrippENns and 
ODDER has been given. 


y Standard description of Candida japonica 


Growth in malt extract: After 2 days at 25°C. cells are very 
irge, round to oval or long-oval, (6—10,5) x (6—20) uw; pseudomycelium 
nd true mycelium with septa abundantly formed. A sediment and a 
ng are present. 

Streak culture on malt agar: After one month at 17° C. 
ellowish, soft to somewhat tough, very mucous, smooth, margin hirsute. 
Slide cultures: Pseudomycelium and true mycelium are abun- 
antly formed on all media. The blastospores are rather large and long. 
hey form chains, verticils or infrequently clusters along the pseudo- 
rycelium. The mycelium is often septate. 

Fermentation: No fermentation or a very weak fermentation, 

bme gas bubbles after 10 days’ cultivation or longer. 

Sugar assimilation: Glucose + Maltose + 
Galactose — Lactose — 
Saccharose ++ 

Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: No growth. 

Growth in litmus milk: Coagulation. 

Splitting of arbutin: Positive. 


e Origin of the strains studied 
1 strain was received in 1935 from Sarro (Japan). It had been isolated from 
sake-moto” yeast. This strain died during the war. 





23. CANDIDA MELINII DIDDENS ET LODDER 


6 Original description and historical survey 


Dippens and Lopper (1942) created this new species for nine strains which 
1 stood in some relation to wood. Since several of these strains were isolated and 
udied by Mery this species was named Candida melinit. 
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The description of this species as given by DrippEns and LODDER only differs 
from the standard description in the assimilation of potassium nitrate which was 
found by the above mentioned authors to be absent or weakly positive. 


/y Standard description of Candida melinii 


Growth in malt extract: After 3 days at 25° C. cells are 
small, oval, (2—4) x (3—6) mw (Fig. 219). Also cells of the pseudo- 
mycelium occur. A sediment is formed. 

After one month at 17° C. a sediment and a ring are present. 

Streak culture on malt agar: After one month at 17° C. 
cream-colored to yellowish, soft, somewhat mucous, often smooth, 
occasionally wrinkled in the middle, margin 
surrounded by pseudomycelium. 

Slide cultures: Pseudomycelium is 
well developed, it is very thin and the blasto- 
spores are very small. They develop in ver- 
ticils or in chains. They are usually oval, in- 
frequently stalagmoid. The development of 
a thin pseudomycelium with small blasto- 
spores is very characteristic (Fig. 220). 

Fermentation: No fermentation or 
a very weak fermentation of glucose. Oc- 
casionally after cultivation for a long time 
also in saccharose and (or) in maltose a small 
gas bubble may be produced. 





Fic. 219 — C. melinii Fic. 220 — C. melinii 
After 3 days in malt extract Slide culture, potato agar 
. ete ; 
Sugar assimilation: Glucose + Maltose + 
Galactose — Lactose — 


Saccharose +- 
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Assimilation of potassium nitrate: Positive. 

Ethanol as sole source of carbon: No growth. 

Growth in litmus milk: No change of the milk. 
ES of arbutin: Positive. 


6 Discussion 


Most of the nine strains studied by DippENs and LoppeErR have no 
longer been.kept in the collection of the “C.B.8.”. The two remaining 
strains together with two other strains which in the mean time were sent 
to the “C.B.S.” for identification were restudied. We tested the 
assimilation of nitrate not only with the auxanographic method, but also 
in the liquid medium according to WicKERHAM, since the latter method, 
especially in doubtful cases, gives often a better response. According to 
this method we found the assimilation of potassium nitrate to be positive. 
Already after one week fair growth in the medium with nitrate occurred. 
We, therefore, consider this species to be nitrate positive. 


e Origin of the strains studied 


4 strains were studied. 

One was received in 1933 from Mertin (Sweden), indicated as A,. It had been 
isolated from ground wood pulp (MELIN and NANNFELDT 1934). 

Three strains were received from RENNERFELT (Sweden), one in 1935, two in 
1946. The first strain was also isolated from ground wood pulp (RENNERFELT 1937). 


The strain A,, received from Metty, has been maintained as the type 
strain of the species. 


24. CANDIDA ROBUSTA DIDDENS ET LODDER 


a Synonyms 


Saccharomyces hutensis norm, nud. 


6 Original description and historical survey 


Dippens and Lopper (1942) brought three strains from very different origin 
into a new species. Since the cells of this species are rather big they named it 
Candida robusta. They considered this species as the imperfect stage of Saccharomyces 
cerevisiae. = was ; 

As the standard description is similar to the original description we omit the latter. 


Since 1942 two more strains were found which belong to this species. One was 
labeled Saccharomyces awamori Inui. INvI (1901) gave a very short and incomplete 
description of Sacch. awamori, mainly referring to the shape and size of hes cells. 
Since he did not mention ascospore formation it is doubtful whether his species 


belongs to the genus Saccharomyces. 
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- 


An identification with Sacch. awamori Inui is almost impossible because of the 
incompleteness of the description. As, moreover, we did not study an authentic 
strain, Sacch. awamori should not be regarded synonymous with Candida robusta, 

The second strain was labeled Saccharomyces hutensis Kufferath. Since KUFFERATH 
did not describe this species Saccharomyces hutensis is a “nomen nudum’’, 


y Standard description of Candid a robusta 


Growth in malt extract: After 3 days at 25° C. cells are 
short-oval to long-oval, large, (4—7,5) x (5,5—12,5) w (Fig. 221). A 
sediment is formed. 

After one month at 17° C. a sediment, a ring and islets are present. 

Streak culture on malt agar: After one month at 17° C, 
yellowish-white, soft, glistening, little to abundantly wrinkled; margin 
almost smooth. 

Slide cultures: The pseudomycelium is not much developed. 
There is little difference between pseudomycelial cells and blastospores 


(Fig. 222). 
Fermentation: Glucose + Maltose +- 
Galactose -+- Lactose — 
Saccharose -- Raffinose + 14 
Sugar assimilation: Glucose + Maltose + 
Galactose ++ Lactose — 


Saccharose -- 


\ 


-{ 
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After 3 days in malt extract Slide culture, potato agar 
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Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: Not much growth. 

Growth in litmus milk: No coagulation; the color changes 
to blue. | 


Splitting of arbutin: Absent. 


e Origin of the strains studied 


5 strains were studied. 

The strain Saccharomyces awamori Inui was received in 1927 from NAGANISHI 
(Dairen, Manchuria). It was isolated in the ‘‘C.L.M.R.”. 

The strain Saccharomyces hutensis was received in 1928 from KuFrrerRATH 
(Brussels). It was isolated from wine ‘Vin de Huy”’. 

A third strain is isolated in 1935 from buttermilk in Delft (Holland). 

From CIFeRRI (Rep. Dominicana) a strain labeled Candida spec. No. 306 was 
received in 1929. It is of human origin. 

A strain mislabeled Monilia pinoyi was received in 1924 from REDAELLI (Italy). 
No further details are available, but it may be of human origin. Monilia pinoyi is 
a synonym of C. albicans, cf. p. 466. 


Two of these five strains are of human origin. 


The strain mislabeled Monilia pinoyi has been maintained as the type 
strain of this species. 


25. CANDIDA SCOTTII DIDDENS ET LODDER 


8 Original description and historical survey 


This species was created by DippENs and LopDER in 1942. Since two of the three 
strains they studied were isolated by Scorr this species was named Candida scottii. 
The standard description covers the original description which has, therefore, 
been omitted. 


y Standard description of Candida scotti 

Growth in malt extract: After 2—10 days at 17° C. 1) the 
pells are oval to long-oval or elongate. In some strains there is a tendency 
to form very long thread-like cells after prolonged cultivation. The cells 
easure (2,5—5) x (5—24) uw, or even longer (Fig. 223). A sediment 











s formed. 
After one month at 17° C. a sediment, a ring and occasionally some 


slets are present. 
Streak culture on malt agar: After one month at 17° C. 


. 1 ° y ; 
1) Since some of the strains show a very poor growth above 22° C. the various 


-haracteristics were studied at 17° C. 


4 
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yellowish-white with a pink tinge, often a little tough, mucous, often 
raised, smooth or wrinkled all over the surface, margin rather smooth. 

Slide cultures: The pseudomycelium develops abundantly and 
is much branched 1). The blastospores are long-oval and arise at the 
pseudomycelium in small wreaths or chains. Often a small wreath of 
blastospores develops on a blastospore which is attached to the pseudo- 
mycelium. These forms look like candelabra (Fig. 224). 





aS a Fic. 224 — C. scottii 
or aniaenscees Slide culture, potato agar 
After 6 days in malt extract (strain Rennerfelt) 
Fermentation: Absent. 


Sugar assimilation: Glucose + Maltose +- 


Galactose +- Lactose — 
Saccharose + 


*) One strain which has a smooth streak culture on malt agar forms only @ 


rather primitive pseudomycelium with short chains of blastospores. 
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Assimilation of potassium nitrate: Positive. 
Ethanol as sole source of carbon: Occasionally some 
rowth. 

Growth in litmus milk: The milk is peptonized. 
Splitting of arbutin: Variable. 


é Origin of the strains studied 


4 strains were studied. 

Two strains were received in 1935 from Scorr (Australia). One strain (y 1) was 
solated from chilled beef on which it was quite common. The second strain (y 62) 
yas isolated from soil in the vicinity of meatworks at Townsville, Queensland. Both 
trains were mentioned by Scorr (1936) and by Empry and Scorr (1939) in their 
ublications. 

A third strain was received in 1936 from RENNERFELT (Stockholm). It had been 
solated from wood pulp. 

The fourth strain was received in 1936 from McLaAcnuian (1938), England. It 
ad been isolated in a microbiological study of building materials. 


Scort’s strain y 62 has been maintained as the type strain of the species. 


26. CANDIDA TENUIS DIDDENS ET LODDER 


6 Original description and historical survey 


DippEens and LoppeEr (1942) created a new species for three strains isolated 
rom bark beetles. Since the pseudomycelium which these strains develop is very 
hin and fine, they proposed the name Candida tenuis. 

The standard description covers the original description which has, therefore, 


been omitted. 


» Standard description of Candida tenuis 


Growth in malt extract: After 3 days at 25° C. cells are 
mall, oval to elongate, (1,5—3,5) x (4—10) wu; often pseudomycelial cells 
ire observed (Fig. 225). A sediment and a ring are formed. 

After one month at 17° C. a sediment and a ring are present. 

Streak culture on malt agar: After one month at LT. 
‘ream-colored, but somewhat greyish, soft, wrinkled all over the surface, 
he margin may be surrounded by pseudomycelium. 

Slic e cultures: The pseudomycelium is abundantly developed; 
t is verv thin and delicate. The blastospores are usually arranged in 
hains; they may also form little wreaths. After cultivation for a longer 
, ‘clusters of blastospores are formed (Fig. 226). 





ime large 
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Fermentation: Glucose + Maltose — 
Galactose + Lactose — 
Saccharose — 
Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose + (weak) 


Saccharose ++ 





Fic. 225 — C. tenuis Fic. 226 — C. tenuis 
After 3 days in malt extract : Slide culture, potato agar 


Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Growth in litmus milk: Coagulation. 

Splitting of arbutin: Positive. 


e Origin of the strains studied 


3 strains were studied. 
These strains (6x R, 6x8, 12x S) were received in 1936 from Hotst (U.S.A.), 


They had been isolated from bark beetles and were considered to live in symbiosis 
with the beetle. 


The strain 12x § has been maintained as the type strain of this species. 
27. CANDIDA CURVATA (DIDDENS ET LODDER) NOV. COMB. 
a Synonyms 


Candida heveanensis (Groenewege) Diddens et Lodder var. curvata 
Diddens et Lodder (1942) 
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6 Original description and historieal survey 

DippEns and LoppeErR brought to Candida heveanensis a variety which they 
amed curvata. This variety differed from the species in the curved shape of the 
lis and in a much better development of the pseudomycelium. 


The description of the variety curvata given by the two authors is mainly covered 
y the standard description and, therefore, omitted here. 


y Standard description of Candida curvata 


Growth in malt extract: After 3 days at 25° C. cells are 

val or curved, occasionally long-oval, (2,5—4,5) x (4,5—9) uw, single or 
| pairs (Fig. 227). A thin, dull, slightly wrinkled, creeping pellicle is 
rmed and a sediment. 

After one month at 17° C. a sediment and a thin, white, slightly 
rinkled pellicle are present. 

Streak culture on malt agar: After one month at 17° C. 
1e streak culture is yellowish, dull, much folded, the border is surrounded 
y pseudomycelium. 

Slide cultures: Pseudomycelium is abundantly developed. The 
lls are often curved. The pseudomycelium is much branched. Occasionally 
xe cells are very long, resembling a true mycelium, but septa are not 
rmed (Fig. 228). 

Fermentation: Absent. 
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Fic. 227 — C. curvata Fie. 228 — C. curvata 
ter 3 days in malt extract Slide culture, potato agar 
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Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose + 


Saccharose + 

Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: Growth. 

Growth in litmus milk: Coagulation of the milk. 

Splitting of arbutin: Absent or slightly positive. 

2, 

6 Discussion 

As has been mentioned before, the pseudomycelium formation in 
Candida heveanensis is only rudimentary. We, therefore, removed it from 
the genus Candida and brought it into the genus Cryptococcus. It could 
be identified with Cr. lawrentit. 

We consider the differences between the variety curvata and the species 
heveanensis important enough to separate them. Since the pseudomycelium 
formation in the variety curvata is very well developed, it belongs to the ~ 
genus Candida. 

In this genus we found some relationship between C. curvata and 
C. humicola. The physiological properties are almost the same. In both 
species “starch” production was found. In morphology, however, there 
are distinct differences. The cells of C. curvata are much shorter and more 
curved. In C. curvata no true mycelium is formed which is abundant in 
C. humicola. Moreover the pellicle formed on malt extract by C. curvata 
has quite a different aspect. On account of these differences we classified 
them in two species. 


é Origin of the strains studied 


Only 1 strain was studied. 


It was isolated in Holland from sputum in a case of tuberculosis and obtained 
in 1932. 


28. CANDIDA CLAUSSENII NOV. SPEC. 


6 Original description and historical survey 


This yeast had already been received in 1910 from CLAUSSEN labeled Saccharom yces 
pastorianus. 
STELLING-DEKKER (1931) who studied this strain found it, however, not 


identical with Saccharomyces pastorianus particularly because saccharose is not 
fermented. 


5 | “ > ” 4 Pe, 
) “Starch” formation can be demonstrated under adequate conditions. 
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Since ascospore formation could not be observed, a classification among the 
sporogenous yeasts was out of the question. It was provisionally relabeled Torula 
spec. Claussen. 

STELLING—DEKKER gave the following description: 

Growth in malt extract: After 3 days at 25° C. the cells are oval 
4—5) x (6—9) yw, forming chains. A sediment and a ring are formed. 

After 3 months at 15° C. cells are very long, a thin pellicle is formed. 

Streak culture on malt agar: After 75 days at 15° C. yellow, soft, glistening, 
vrinkled, margin sinuous. 


> 


Fermentation: Glucose + Maltose + 
Galactose + Lactose — 
Saccharose — 


Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: Rather good growth. 

The fact that this yeast, like C. albicans, has the rare property of fermenting 
naltose but not saccharose induced Kiuyver and CusTERs (1939 —’40) to study 
ts behavior towards saccharose under aerobic conditions. They found it to be 
ble to attack saccharose under these conditions. 


y Standard description of Candida claussenii 


Growth in malt extract: After 3 days at 25° C. cells are 
val to long-oval, (4—5,5) x (6—10) w (Fig. 229). A sediment and a 
ing are formed. 

After one month at 17° C. a broken ring and a sediment. 
Streak culture on malt agar: After one month at 17° C. 






OMDO 


Fic. 229 — C. clausseniit 
After 3 days in malt extract 





e streak culture is cream-colored to yellowish, soft, wrinkled, dullish- 


ining, pseudomycelium at the margin. . 
Slide cultures: Much pseudomycelium is formed, but there is 
tle difference between blastospores and pseudomycelial cells. Branched 
ains of oval to elongate cells are present (Fig. 230). 
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Fermentation: Gigbose -F Maltose + 
Galactose + Lactose — 
Saccharose — 
Sugar assimilation: Glucose + Maltose + 
Galactose ++ Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Absent. 


Fie. 230 — C. claussenii \ 
Slide culture, potato agar 


Ethanol as sole source of carbon: Growth occurs. 

Growth in litmus milk: The milk is coagulated and changes 
to blue. 

Splitting of arbutin: Absent. 


6 Discussion 


This yeast resembles C. albicans, especially in its physiological properties. 
In its morphological characteristics, however, there is much difference. 
Neither the development of ball-like clusters of blastospores on the 
pseudomycelium nor the formation of chlamydospores, so characteristic 
of C. albicans, has ever been observed. Further the pseudomycelium 
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never develops into the agar as it does in © albicans. Moreover, the cells 
in malt extract have a much longer shape than those of C. albicans. 


This yeast, therefore, represents a separate species for which we propose 
the name Candida claussenii. 


e Origin of the strains studied 


Only 1 strain was studied. 


It was received in 1910 from CLaussEN (Copenhagen). Further details are not 
available. 


29. CANDIDA SOLANI NOV. SPEC. 


y Standard description of Candida solani 


Growth in malt extract: After 3 days at 25° C. cells are 
yval or cylindrical, (2—4) « (4—13) mw (Fig. 231). A thin yellowish, dull, 
lelicately wrinkled, creeping pellicle is formed. 

After cultivation for a longer time also a sediment develops. 

Streak culture on malt agar: After one month at 17° C. 
‘ream-colored to yellowish, soft, smooth and shining, almost flat; the 
margin is fringed with pseudomycelium. 

Slide cultures: The pseudomycelium may be formed more or 
ess abundantly. The blastospores are arranged in short chains or in small 
rerticils (Fig. 232). 








Fic. 232 — C. solam 
Fic. 231 — C. solani Slide culture, 
After 3 days in malt extract potato agar 
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Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose + (very weak) : 
Sugar assimilation: Glucose + Maltose + : 
Galactose + Lactose — : 


(very weak) 
Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Growth; a thin, dull 
pellicle is formed. 
Growth in litmus milk: No coagulation, the color changes 
to blue. 
Splitting of arbutin: Positive. 


6 Discussion 

Since no species has been described which has the above mentioned | 
characteristics, the strains studied belong to a new species. We propose 
for it the name Candida solani, because the strains belonging to this 
species were isolated in a potato flour mill. 


e Origin of the strains studied 


2 strains were studied. 
Both were received in 1943 from a Dutch mill for the preparation of potato 
flour. They were provisionally designated as 16.14.1 and 16.15.1. 


The strain designated 16.15.1. has been chosen as the type strain of 
this species, because it has a better development of pseudomycelium. 


30. CANDIDA MELIBIOSI NOV. SPEC. 


One variety belongs to this species: 
Candida melibiosi nov. spec. var. membranaefaciens nov. var. 


a Synonyms of the species 


As explained in the discussion of Candida guilliermondii those synonyms of this 
species which have the specific epithets guwilliermondi, pseudoguilliermondi or arztt 
have also to be considered synonyms of C. melibiosi (cf. p. 518) 

Another synonym is: 

Microanthomyces alpinus Griiss (1926 a, 1927) 


6 Original description and historical survey of species and variety 


A closer study of the strains classified by DippEns and Lopper (1942) in 
Candida guilliermondii revealed that they were different especially in the fermen- 
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ation of raffinose. Some of these strains could ferment the melibiose part of the 
affinose, whereas others could not. The melibiose-fermenting strains were separated 
rom the others in a species for which we propose the name Candida melibiosi. 

Like in C. guilliermondii also among these strains a few were different from the 
thers in the formation of a heavy, dry, folded pellicle on malt extract. After a few 
weeks of cultivation the flask was filled with a membranous, folded, yellowish mass. 
Also the streak culture was different. 

Although we may be dealing here with an R-variation, the difference was so 
striking that we have separated these strains from the others in a variety. We 
sropose the name C. melibiosi var. membranaefaciens for this variety. 

Since the raffinose fermentation has not been studied before in C. guilliermondii 
she former descriptions of C. guilliermondii and its synonyms are also in agreement 
vith C. melibiosi. Therefore, most of the synonyms of C. guilliermondii are at the 
ame time synonyms of C., melibiosi. Only in those cases where the study of a single 
train had led to the establishment of a species the name of this species is considered 
oy us either a synonym of C. guilliermondii or of C. melibiosi depending on its 
nelibiose fermentation. 


For the original descriptions of the synonyms of C. melibiosi with the specific 
pithets guilliermondi, pseudoguilliermondi and arzti we refer to C. guilliermondii, 
f. p. 519. It only remains to give the original description of the synonym Micro- 
inthomyces alpinus. 

The genus Microanthomyces has been created by Grtss (1926 a, 1927), analogous 
o his genus Anthomyces, for nectar-yeasts with small cells. DippENs and LopDER 
1942) criticized the argument advanced by Grtss for the establishment of the 
wo genera, viz. occurrence of the yeasts in flowers. Both genera were rejected. 

Grtss’ description of Microanthomyces alpinus, the only species in the genus, 
mounts to this: 

In liquid and on agar media cells measure 2,5—5 yu in diam., also very 
mall cells, 1-2 uw in diam. and giant cells occur. Long-elliptical hyphal cells forming 
| plexus are always found. On these hyphal cells numerous small budding cells arise. 
A kind of spore formation was also observed but the correctness of this observation 
vas strongly doubted by DippENs and LODDER (1942). 

Fermentation: Glucose, fructose + (weak) 
Saccharose is inverted. 
DIpDENS and LopDER identified Microanthomyces alpinus with C. guilliermondii. 


y Standard description of Candida melibiosi 


Growth in malt extract: After 3 days at 25° C. cells are 
hort-oval to oval, (3—5) x (4—6) , single, in pairs or in little chains. 
oreover, elongate pseudomycelium cells are present, measuring (2—4) x 
7,5—22) w (Fig. 233). Little sediment is formed; a ring and usually a thin 
ull pellicle or islets are present. B 
This pellicle may drop to the bottom, so that after one month at 17° C. 
nly a sediment and a ring are present; occasionally some islets. 
Streak culture on malt agar: After one month at 177. 
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the streak culture is cream-colored, soft, shining, almost smooth with 
little structure in the middle of the streak. The border may be lobated 
and fringed with pseudomycelium. 

Slide cultures: Abundant formation of peondor yaaa witht 
blastospores. The development is exactly like that of C. guilliermondii. 
The blastospores develop in small chains or wreaths. They are small, 





Fie. 233 — C. melibiosi Fic. 234 — C. melibiosi 
After 3 days in malt extract Slide culture, potato agar 


usually stalagmoid. The development is according to the type ‘‘Blastoden- 
drion”’, or, when the pseudomycelium is much branched, according to 
the type ““Mycocandida”’ (Fig. 234). 


Fermentation: Glucose + Maltose — or very weakly + 
Galactose — Lactose — 
or very weakly + 
Saccharose + Raffinose + 24 
Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Fair growth; a 
pellicle or islets may be formed. 
Growth in litmus milk: Usually no change; occasionally the 
milk is coagulated. 
Splitting of arbutin: Positive. 


Almost all the strains excrete a slight amount of riboflavin. This is 
especially clear in some of the liquid media used in the assimilation tests. 
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yy Supplementary description of Candida melibiosi var. mem- 
branaefaciens 


Growth in malt extract: After 3—4 days at 25° C. a dull, 
nuch folded, yellowish pellicle has developed. 

After one month at 17° C. the flask is filled with a membranous 
ellowish mass. 

Streak culture on malt agar: After one month at 17°C. 
he streak culture is yellowish, more or less tough, dull and wrinkled all 
ver the surface. 


6 Discussion 


As has been said the melibiose fermenting strains formerly included 
n the species C. guilliermondii are separated in the species C. melibiosi 
nd in the variety C. melibiosi var. membranaefaciens. 

The description of Microanthomyces alpinus does not fully agree with 
he properties found for the authentic strain. No spore formation was 
bserved. Like DippENs and LODDER we suppose that Grtss has mis- 
nterpreted his observations. Microanthomyces alpinus is, therefore, 
ecepted as a synonym of C. melibiosi. 


e Origin of the strains belonging to the species 


4 strains were studied. 

A strain labeled Blastodendrion guilliermondi was received in 1935 from LANGERON 
Paris) who received it in 1929 from Retss (Shanghai) as Pityrosporum strain 
[AcLEOD and DowLING. 

A strain labeled Microanthomyces alpinus Griiss was received in 1931 from 
Russ (Berlin). It was isolated from a herbarium flower of Gentiana imbricata, 
In 1924 a strain of Myceloblastanon arzti Ota was received from Ora (Japan). 
b was isolated by Arzr (1923) from the blood of a woman suffering from an ulcer 
fF the cheek. It appeared to be a mixture of two yeasts which were isolated in 1924 
) the “C.B.S.” and distinguished as type A and B. Type B is identical with 
. melibiosi. 

In 1933 a strain labeled Monilia spec. was received from NrNo (Buenos Aires). 
| had been isolated from sputum in a case of bronchomoniliasis. Also this strain 
peared to be a mixture of two yeasts, of which one is identical with C. melibiosz. 





Three strains are of human origin. 

The strain labeled Microanthomyces alpinus has been chosen as the 
ype strain of this species. 

ce Origin of the strains belonging to the variety 


2 strains were studied. 


= 
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A strain labeled Myceloblastanon species was received in 1935 from Ora (Japan). 
It was isolated by Ora and Masupa (1930) from the urine of a man affected with 
cystitis. 

A strain labeled Oospora srinivasii was received from MAHDIHASSAN (Br. India), 
This author (1929) gave a rather incomplete description of a yeast isolated by 
SREENIVASAYA from the blood of a scale insect (Pulvinaria spec.) which was found 
on Lantana camara. MAHDIHASSAN did not name this yeast. Therefore Oospora 
srinivasii is a “nomen nudum’, 


One strain is of human origin. 


Ora’s strain has been chosen as the type strain of this variety. 


g. SUMMARY 


A diagnosis of the genus Candida has been given. 

475 strains were considered which were classified in 30 species with 
6 varieties. 

The 25 species described in “Die anaskosporogenen Hefen, II Halfte”’ 
have been maintained with the exception of C. heveanensis which has 
been included in the genus Cryptococcus and C. monosa which could be 
identified with C. kruset. 

The variety C. heveanensis var. curvata has been given a specific rank 
and has been designated as C. curvata. Likewise the variety C. albicans 
var. stellatoidea has been reclassified as a species, viz. C. stellatoidea. 

A few species included in the genus Torulopsis in ‘Die anaskosporogenen 
Hefen, I Halfte’’-—when studied under more appropriate conditions— 
proved to be able to develop a pseudomycelium, and consequently were 
included in Candida. T. utilis has been classified as Candida utilis ; T. wvae 
could be identified with C. zeylanoides and T. kefyr with C. pseudo- 
tropicalis var. lactosa. 

The genus Mycoderma as defined in “Die anaskosporogenen Hefen, 
I Halfte’” was included in the genus Candida in one species: C. mycoderma. 

The variety C. tropicalis var. rhagii could be identified with C. guillier- 
mondii, the variety C. krusei var. vanlaeriana with C. mycoderma and the 
variety C. guilliermondii var. nitratophila with C. utilis. 

The variety intermedia of C. parapsilosis, described in 1949, was accepted. 

Three new species were described, viz. C. claussenii, C. solani and 
C. melibiosi, the last species with the variety membranaefaciens. A new 
variety was brought to C. guilliermondii, viz. C. guilliermondii var. 
membranaefaciens. 

A key to the species has been given, 

Candida albicans (Robin) Berkhout is the type species. 
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Genus 6. KLOECKERA Janke 
| DIAGNOSIS OF THE GENUS 


Cells lemon-shaped, oval or sausage-shaped. Reproduction by bipolar 
yudding. Occasionally a more or less primitive, rarely well-developed 
yseudomycelium. 

Strong fermentation either of glucose or of glucose and saccharose. 
Nitrate is not assimilated. Scarcely any growth in a medium with ethanol 
Ss sole source of carbon. 


. THE TYPE SPECIES OF THE GENUS 


According to art. 18 of the Intern. Rules of Botan. Nomenclature 
tloeckera apiculata (Reess emend. Klécker) Janke is the type species. 


HISTORICAL SURVEY OF THE GENERIC NAME 


The first lemon-shaped yeast belonging to this genus was described 
inder the name Saccharomyces apiculatus by ReExss in 1870. 
KLOCKER, in 1906, pointed to the fact that asporogenous yeasts could 
ot be maintained in the genus Saccharomyces. He then separated the 
piculate yeasts, both sporogenous and asporogenous, from Saccharomyces. 
le brought the sporogenous yeasts into the genus Hansenia, following 
LINDNER (1904). 

ZIKES, however, proposed in 1911 to classify the sporogenous yeasts in 
he genus Hanseniaspora, the asporogenous in the genus Hansenia. 
KL6OcCKER, in 1912 and 1913, in order to avoid confusion, proposed to 
ring the asporogenous apiculate yeasts into the genus Pseudosaccharomyces. 
\s this name had been given before to an organism not belonging to this 
enus, JANKE changed the latter name in 1923 to Kloeckeria which he 
prrected in 1928 to Kloeckera. 


SURVEY OF THE SPECIES ACCEPTED IN THE GENUS 





The genus Kloeckera includes eight species which follow in chrono- 
gical sequence: 


1. Kloeckera apiculata (Reess emend. Klécker) Janke 1870 
Kloeckera africana (Klécker) Janke 1912 

Kloeckera antillarum (Klécker) Janke 1912 

Kloeckera corticis (Klécker) Janke 1912 


a al 
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Kloeckera javanica (Klécker) Janke 1912 
Kloeckera jensenii (Klécker) Janke 1912 
Kloeckera lafarii (Klocker) Janke 1912 

Kloeckera magna (De ’Rossi) Janke 1920. 


e. KEY TO THE SPECIES OF THE GENUS KLOECKERA 


la 
b 


d 


3a 


4a 


5a 


Ferments glucose only 
Ferments glucose and saccharose; raffinose is not fermented 
Kiolafart <= a. i: ade Deere 
Ferments glucose, econo ned cations for 13 
Ferments glucose and maltose (weakly) 
Ki. coreis (3a): 2 -<t 4 . 1 ee eee 


Only glucose assimilated 

Klv agmiculata .. ... a: i. a¥ pees ted oo Re 
Glucose and maltose germilated 
Glucose, saccharose (weakly) and maltose assimilated 


Kl. africana. hs be 2 ee 
Cells large, (4,5—7,5) x (8—18) u 

Ki«corties (Id) 02256)". Gee ae ie 
Cells smaller, (3,5—6) x (5,5—10) u 

EE MANS ae Fo. te Se 


Ratio length to width of the cells is 2 or more than 2 
Ratio length to width of the cells less than 2 


Kl. antillaruwm Sere sere ee ee | 
Cells large, (3,5—6) x (7—11) mu 

Kl yavanna = es Ga ee 
Cells smaller, (2—3,5) x (4—7) mu 

Ki. gensenttin. 2 Pe 


f. SYSTEMATIC DISCUSSION OF THE VARIOUS SPECIES 


1. KLOECKERA APICULATA (REESS EMEND. KLOCKER) JANKE 


a Synonyms 


Saccharomyces apiculatus Reess (1870) 
Pseudosaccharomyces apiculatus (Reess) Klécker (1912) 
Pseudosaccharomyces austriacus Klocker (1912) 
Kloeckera austriaca (Klécker) Janke (1928) 
Pseudosaccharomyces germanicus Klécker (1912) 
Kloeckera germanica (Klécker) Janke (1928) 


(3) 
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Pseudosaccharomyces lindneri Klécker (1912) 

Kloeckera lindneri (Klécker) Janke ( 1928) 

Pseudosaccharomyces muelleri Klécker (1912) 

Kloeckera muelleri (Klécker) Janke ( 1928) 

Kloeckera lindneri (Klécker) Janke var. pelliculosa Lodder (1934) 
Kloeckera brevis Lodder (1934) 

?Kloeckera japonica Saito et Ohtani (?) 


p Original description and historical survey 


REEss (1870) isolated this species from fruit juices and wine must. HAaNsEN 
(1881) isolated it from dust in the air, from soil, and from ripe sweet juicy fruits. 

KLé6cKER (1912) studied a strain of HANSEN which had been isolated from soil 
in an orchard in the environment of the Carlsberg Laboratory (Copenhagen). 

REEss gave in 1870 the following description: 

In fermentable media: The cells are ellipsoidal and pointed at the two poles, 
which makes them appear lemon-shaped. Full-grown cells measure (2—3) x (6—8) pu; 
there is nearly always a big spherical or ellipsoidal vacuole in the middle of the 
cell. New cells arise by budding at the poles. Ramified chains consisting of many 
cells are never formed. Older cells may become long, spool-shaped and filamentous. 
Fermentation: Saccharomyces apiculatus always gives a bottom fermentation. 
HANSEN gave in 1881 the following description: 

Growth in malt extract: Small, pointed, lemon-shaped cells, 4,5—9 is 
The length is often 7 u. Mostly there is a vacuole. Budding almost entirely at the 
poles. Little chains up to four cells may occur. Lemon-shaped cells are formed in 
the early stages of growth; later on there are more oval cells. Bottom yeast. 
Fermentation: Glucose + 

Saccharose — 
Ki6cKER considered HANSEN’s species Saccharomyces apiculatus as a conglomeration 
pf species from which he separated 15 new species in addition to Pseudosaccharomyces 
wpiculatus. He gave in 1912 and in 1913 the following description of the latter: 
Growth in malt extract: In young cultures grown at 25° C. the cells are 
emon-shaped or ellipsoidal. Length 5—10 yw. After some time many long, thin 
fells appear. After 3 days at 33° C. the cells are swollen and many of them are 
jausage-shaped. The sediment is loose and powdery; the liquid becomes turbid 
mn shaking. 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 





As is clear from the list of synonyms Kl. apiculata has been described under many 
ifferent specific names which will now be briefly discussed. 

KL6CKER’s species Pseudosaccharomyces austriacus and Pseudosaccharomyces 
rmanicus were identified by LODDER in 1934 with Kloeckera apiculata. She also 
entified Pseudosaccharomyces muelleri with Kloeckera lindneri and brought a new 
ariety to the latter species, 7.e. var. pelliculosa. . 
Further she described a new species Kloeckera brevis. The strain examined was 
olated in the “Inst. Brew.” at Tokyo and was labeled Kl. apiculata in 1927. 
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Unfortunately we were unable to read the description of KI. japonica, since it 
was written in Japanese. It, therefore, cannot be discussed. 


y Standard description of Kloeckera apiculata 


Growth in malt extract: After 3 days at 25° C. cells are 
lemon-shaped, short-oval, oval or long-oval, 
(2—4,5) x (5—8) mw, single or in pairs (Fig. 
235). The length of some cells may be 10 w. 

After one month at 17° C. a sediment 
and a thin ring are formed. Occasionally a 
thin slimy pellicle appears. 

Growth on malt agar: After 3 
days at 25° C. cells are lemon-shaped, oval, 
or long-oval, (1,5—4) x (3—8) uw. Some cells 
have a length of 10 uw. 

After one month at 17° C. the streak 
culture is greyish-yellow to yellow-brown, 
smooth and shiny. 

Slide cultures: As.a rule no real "': 285 — Kieapreuam 

: : Raha After 3 days in malt extract 
pseudomycelium. Some strains show primitive 
“tree-like’ formations. Exceptionally a well-developed pseudomycelium *). 
Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 
Sugar assimilation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 

Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: Scarcely any growth. 

Splitting of arbutin: Absent. 





6 Discussion 


The many transitions in cell shape and size existing between the species 
accepted by LopDER made it impossible to differentiate species on those 
morphological characteristics to the same degree as was done before. 

The result is the identification of Kloeckera lindneri, Kloeckera lindneri 
var. pelliculosa and Kloeckera brevis with Kloeckera apiculata. 


a9 Slate : ; :; , 
) This was found only in one strain, obtained from the ‘‘N.C.T.C.” as Pseudo- 
saccharomyces apiculatus. 
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Kloeckera japonica Saito et Ohtani is listed among the synonyms with 
a question mark because the description, written in J apanese, could not 
be read by us. We, therefore, could not check whether the properties of 
the authentic strain studied agree with this description. 


é Origin of the strains studied 


15 strains were studied. 

A strain labeled Pseudosaccharomyces apiculatus originated from HansEn’s 
collection, a strain Ps. muelleri from KLécKER’s collection; both were obtained 
from WINGE from Copenhagen (WincEr and Hygort 1935). The latter strain was 
isolated by Kiéckerr from soil from Java, 

A strain obtained from the “N.C.T.C.” in 1934 as Ki. apiculata is probably 
HANSEN’s strain which had been studied by Kuiécxerr. It was isolated from soil 
in an orchard in the surroundings of Copenhagen. 

Three strains are said to have been isolated by KiécKkrer. They are mentioned 
in “Die anaskosporogenen Hefen, I Halfte” as Kl. apiculata strain austriaca (Ps. 
austriacus) from soil in the Austrian Alps, obtained from the ‘‘N.C.T.C.” in 1929; 
Kl. apiculata strain germanica (Ps. germanicus) from soil in the Harz (Germany), 
obtained from KurFreratH (Brussels) in 1927, and Kl. lindneri (Ps. lindneri) from 
soil in Java, obtained from KuFFERATH in 1927. 

The strain Kl. lindneri var. pelliculosa was obtained from the “‘N.C.T.C.” (London) 
in 1928 as Ps. malaianus. LoppER (1934) showed that it was not identical with 
this species. 

The strain Kl. lindneri strain muelleri (Ps. muelleri) was isolated in the “C.L.M.R.” 
(Dairen, Manchuria) and received from this institution in 1927. 

A strain classified by LopprrR (1934) as Kl. brevis was obtained from the 
“C.L.M.R.” in 1927; it had been isolated at the “Inst. Brew.” at Tokyo, where it 
was named Al. apiculata. 

Another strain of Kl. brevis was isolated from the throat. 

A strain isolated from a cocoa fermentation in the Gold Coast was received in 
1932 from Dave; it was mentioned by Knapp (1935). 

A strain labeled Kl. japonica was obtained from the “Inst. Brew. Tech. Coll. of 
Hiroshima” (Japan) in 1935. It was isolated from exudation of a tree and described 
by Sarro and OHTANT. 

One strain was isolated from Hungarian beer. 

A strain mislabeled Kl. magna was received from EtTcHEtts (U.S.A.) in 1948 
it was isolated from fermenting cucumber brine (ETcHELLS and BELL 1950). 

One strain labeled Kloeckeraspora uvarum was obtained from NreHaAvs (Germany) 
in 1932. It had been isolated from ‘Muscat blanc’’. As pointed out on p. 309 
this strain has been brought provisionally into the genus Kloeckera. 


Only one strain is of human origin. 


The strain of Kl. apiculata from Hansen’s collection, obtained from 
Wryce has been chosen as the type strain of the species. 
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9. KLOECKERA AFRICANA (KLOCKER) JANKE 


ms 


a Synonyms 

Pseudosaccharomyces africanus Klécker (1912) 
Pseudosaccharomyces santacruzensis Klécker (1912) 
Kloeckera santacruzensis (Klécker) Janke (1928) 


8 Original description and historical survey 
Kiécker (1912, 1913) isolated this species from soil from Akbau, Algiers. He 


gave the following description: 
In malt extract: Most cells of young cultures grown at 25° C. are long 
lemon-shaped, length 7—12 . After 3 days at 33° C. most cells are sausage-shaped. 
As a rule the sediment is loose and powdery on shaking. In yeast extract with 


glucose there is a solid sediment. 


Fermentation: Glucose + Maltose + (very weak) 
Galactose — Lactose — 
Saccharose — 


LoppEr’s observations (1934) differed from this description in that she found 
no fermentation of maltose. 


Pseudosaccharomyces santacruzensis was described by Kiécker (1912, 1913) and 
isolated by him from soil from St. Croix. LoppER (1934) identified this species with 


Kl. africana. 


y Standard description of Kloeckera africana 

Growth in malt extract: After 3 days at 25° C. cells are 
lemon-shaped or oval, (3,5—5,5) x (7,5—12) 
#4, Single or in pairs (Fig. 236). 

After one month at 17° C. a sediment 
and a thin ring are formed. 

Growth on malt agar: After 3 
days at 25°C. cells are lemon-shaped or long- 
oval, (3—4) x (6—14) yw, single or in pairs. 

After one month at 17° C. the streak 
culture is flat, smooth and shining, yellow- 
brown. 

Slide cultures: 

No pseudomycelium is formed. 

Fermentation: 





Glucose -++ Maltose — * Fic. 236 — KI. africana 
Galactose — Lactose — After 3 days in malt extract 
Saccharose — 
Sugar assimilation: Glucose + Maltose + 
Galactose — Lactose — 


Saccharose ++ (weak) 
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Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Very weak growth. 
Splitting of arbutin: Absent. 


é Origin of the strains studied 


2 strains were studied. 

One was the original strain of KiécKsEr, isolated from soil from Algiers. It was 
obtained from KiécKkER (Copenhagen) in 1913. 

The other strain came in 1927 from the “C.L.M.R.” (Dairen, Manchuria) and 
originated from the ‘‘N.C.T.C.” (London). It was named Pseudosaccharomyces 
santacruzensis. 


The original strain from KiécKErR has been chosen as the type strain 
of the species. 


3. KLOECKERA ANTILLARUM (KLOCKER) JANKE 


a Synonyms 


Pseudosaccharomyces antillarum Klécker (1912) 
Pseudosaccharomyces indicus Klécker (1912) 
Kloeckera indica (Klécker) Janke (1928) 
Pseudosaccharomyces willi Klécker (1912) 
Kloeckera willi (Klécker) Janke (1928) 


6 Original description and historical survey 


Ki6cKER (1912, 1913) isolated this species from soil from St. Thomas. He gave 
the following description: 

In malt extract: In young cultures grown at 25° C. cells are lemon-shaped; 
only a few are small, ellipsoidal. Length 5—12 uw. 

After 3 days at 35° C. the cells have the same size, more of them are ellipsoidal. 
The sediment is solid. In yeast extract with glucose the sediment is loose and 
powdery on shaking. 

Fermentation: Glucose + Maltose + (very weak) 

Galactose — Lactose — 
Saccharose + 

LoppER (1934) studied a strain of Pseudosaccharomyces antillarum obtained from 
the “‘N.C.T.C.’’. The results of her observations corroborate KL6cKER’s description 
except for the fermentation of maltose, which she found to be absent. 


Kloeckera indica and Kloeckera willi were identified by LoppER (1934) with 


Kloeckera antillarum. 


» Standard description of Kloeckera antillarum 
‘Growth in malt extract: After 3 days at 25° C. cells are 
lemon-shaped or oval, (2,5—5,5) x (4—9) yu, single or in pairs (Fig. 237). 
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The ratio length to width of the cells is less than 2. A loose sediment 
and a ring are formed. 

After one month at 17° C. some islets may be present. 

Growth on malt agar: After 3 days 
at 25° C. cells are lemon-shaped or oval, 
(2—5) x (410) w, single or in pairs. 

After one month at 17° C. the streak culture 
is smooth and shiny, greyish-yellow to yellow- 
brown. 

Slide cultures: 

No pseudomycelium is formed. 

Fermentation: 





Glucose + Maltose — Fic. 237 — Kl. antillarum 
Galactose — Lactose — After 3 days 
Saccharose + Raffinose + 1 in malt extract 
Sugar assimilation: Glucose + Maltose — 
Galactose — Lactose — 


Saccharose -+ 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Searcely any growth. 
Splitting of arbutin: Absent. 


e Origin of the strains studied 

4 strains were studied. 

The original strain of Pseudosaccharomyces antillarum was obtained in 1935 
from WINGE (Copenhagen) and came from Ki6écKER’s collection. 

The other three strains were obtained in 1928 from the ‘“N.C.T.C.” (London). 
They are said to have been isolated by KiécxEr, viz. Kloeckera indica from soil 
from the Himalayas, Kloeckera willi and Kloeckera antillarum from soil from 
St. Thomas. Probably the last strain mentioned is the same one as the strain 
received from WINGE. 


The original strain from KiécKkeEr’s collection, obtained from WrxceE, 
has been chosen as the type of the species. 


4. KLOECKERA CORTICIS (KLOCKER) JANKE 
a Synonyms 


Pseudosaccharomyces corticis Klécker (1912) 


6 Original description and historical survey 


KiL6cKER (1912, 1913) isolated this species from the bark of trees, and from 
lichens and mosses growing on trees in the neighborhood of Copenhagen. He gave 
the following description: 
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In malt extract: Most cells of young cultures grown at 25° C. are short 
lemon-shaped, some are ellipsoidal. Length 6—15 yn. 

After 3 days at 33° C. the cells have become very big and most of them are 
sausage-shaped. Cells with a length of 30 yw are often observed. The sediment is 
solid, whirling up in little lumps on shaking; the liquid remains clear. 


Fermentation: Glucose + Maltose + (very weak) 
Galactose — Lactose — 
Saccharose — 


y Standard description of Kloeckera corticis 


Growth in malt extract: After 3 days at 25° C. cells are 
large, lemon-shaped, oval or long-oval, 
(4,5—7,5) x (8—18) w, single or in 
pairs (Fig. 238). A thin ring is formed. 
After one month at 17° C. a solid 
sediment and a ring are formed. 
Growth on malt agar: 
After 3 days at 25° C. cells are lemon- 






a | shaped or sausage-shaped, (2—5,5) x 
aks (7—28) mw, single, in pairs or in 
Cy -“O- : Saya chains. . 
4 ‘mp ter one month at 17° C. the 
UW & streak culture is shiny and wrinkled, 
Fic. 238 — Kl. corticis yellow-brown. 
After 3 days in malt extract Slide cultures: A primitive 
pseudomycelium is. formed. 
Fermentation: Glucose + Maltose + 
(very weak) or — 
Galactose — Lactose — 
Saccharose — 
Sugar assimilation: Glucose + Maltose + 
Galactose — Lactose — 
Saccharose — 


Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Hardly any growth. 
Splitting of arbutin: Absent. 


e Origin of the strains studied 


1 strain was studied. . 
It was obtained from the “‘N.C.T.C.” (London) in 1929 and said to have been 


isolated by KLOCKER. 
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5. KLOECKERA JAVANICA (KLOCKER) JANKE) 


a Synonyms 


Pseudosaccharomyces javanicus Klécker (1912) 


6 Original description and historical survey 


Kux6ckEer (1912, 1913) isolated this species from soil from Java. He gave the 


following description: 
In malt extract: Most cells of young cultures grown at 25° C. are large and 
lemon-shaped. Some are long-apiculate or ellipsoidal. Length 6—12 uw. 
After 3 days at 35° C. the cells are mostly the same as at 25° C., perhaps somewhat 
larger. A loose sediment is formed, powdery on shaking. 
Fermentation: Glucose + Maltose + (very weak) 
Galactose — Lactose — 
Saccharose + 
LopDER (1934), who studied a strain of this species obtained from KUFFERATH, 
found the fermentation of maltose to be negative. 


y Standard description of Kloeckera javanica 


Growth in malt extract: After 3 days at 25° C. cells are 
lemon-shaped or oval, (3,5—6) * (7—11) 
H, single or in pairs (Fig. 239). The ratio 
length to width of the cells is 2 or more 
than 2. 

After one month at 17° C. a loose 
sediment and a ring are formed. 

Growth on maltagar: After 
3 days at 25° C. cells are long-oval or 
lemon-shaped, (2—4,5) x (5,5—11) pw, ¥ : i 
single or in pairs. ie os 

After one month at 17°C. the streak |: J 
culture is smooth and shining, greyish- cy a, és 
yellow to yellow-brown. 

Slide cultures: No pseudomy- 
celium is formed. 





Fic. 239 — Kl. javanica 
After 3 days in malt extract 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose -+ Raffinose + 1 
Sugar assimilation: Glucose + Maltose — 
Galactose — Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Absent. 


Kloeckera jensenu 


Cu. VII, § 2] SUBFAMILY CRYPTOCOCCOIDEAE 605 


Ethanol as sole source of carbon: Scarcely any growth. 
Splitting of arbutin: Absent. 


e Origin of the strains studied 


1 strain was studied. 
It was obtained from KuFFERATH (Brussels) in 1927 and said to have been 
isolated by KiécKmr. 


6. KLOECKERA JENSENII (KLOCKER) JANKE 


a Synonyms 


Pseudosaccharomyces jensenii Klécker (1912) 
Pseudosaccharomyces occidentalis Klécker (1912) 
Kloeckera occidentalis (Klécker) Janke (1928) 


6 Original description and historical survey 


KL6cKER (1912, 1913) isolated this species from soil from Java. He gave the 
following description: 
In malt extract: The cells of young cultures grown at 25° C. are very small; 
many of them are ellipsoidal and only a few lemon-shaped. The length is 2—5 um. 
After 3 days at 35° C. the cells are bigger, of the same shape. The sediment is 
powdery. 
Fermentation: Glucose + Maltose + (very weak) 
Galactose — Lactose — 
Saccharose + 
LopDER (1934) who studied a strain of this species obtained from the “N.C.T.C.” 
found the maltose fermentation test to be negative. 
Pseudosaccharomyces occidentalis was isolated by Kuécker (1912, 1913) from 
soil from St. Croix. In 1934 Loppxr identified this species with Kloeckera jensenii. 


y Standard description of Kloeckera jensenti 


Growth in malt extract: After 3 
days at 25° C. cells are oval or lemon-shaped, 
(2—3,5) X (4—7) mw, single or in pairs (Fig. 240). 
The ratio length to width of the cells is 2 or 
more than 2. 

After one month at 17° C. a sediment, a ring 
and occasionally some islets are formed. 

Growth on malt agar: After 3 days 
at 25° C. cells are oval or lemon-shaped, (2—3) x 
(3,5—8,5) mw, single or in pairs. 

After one month at 17° C. the streak culture 
is smooth and shining, greyish-brown. 

Slide cultures: No pseudomycelium is formed. 








1G. 240 — Kl. jensenii 
After 3 days 
in malt extract 
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Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose + Raffinose + 13 
Sugar assimilation: Glucose + Maltose — 
Galactose — Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Scarcely any growth. 
Splitting of arbutin: Absent. 


e Origin of the strains studied 

2 strains were studied. 

One was obtained from the ‘“‘N.C.T.C.”’ (London) in 1928 as Pseudosaccharomyces 
jensenit. 

The second strain came from KUFFERATH (Brussels) in 1927 as Psewdosaccharomyces 


occidentalis. 
The two strains are said to have been isolated by KiécKkeER; the first from soil 


from Java and the second from soil from St. Croix. 


The strain obtained from the ‘“N.C.T.C.” as Pseudosaccharomyces 
jensenit has been chosen as the type strain of the species. 


7. KLOECKERA LAFARII (KLOCKER) JANKE 


a Synonyms 


Pseudosaccharomyces lafari Klécker (1912) 


6 Original description and historical survey 


Ku6cKeR (1912, 1913) isolated this species from soil from Java. He gave the 
following description: 
In malt extract: Most cells in a young malt extract culture grown at 25° C, 
are long lemon-shaped, a few are elongate and cylindrical. 
After 3 days at 35° C. the cells are bigger; a part of them is lemon-shaped, many 
are sausage-shaped. A floccose sediment is formed. 
Fermentation: Glucose + Maltose + (very weak) 
Galactose — Lactose — 
Saccharose +- 
Lopper (1934) who studied a strain of this species obtained from the “N.C.T.C.” 
found that maltose was not fermented. 


y Standard description of Kloeckera lafarii 
Growth in malt extract: After 3 days at 25° C. cells are 


long-oval to lemon-shaped, (2—4) x (4—10,5) mw, single or in pairs 
(Fig. 241). 
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After one month at 17° C. a sediment, a ring and some islets are present. 
Growth on malt agar: After 3 days at 25° C. cells are long- 
ral to lemon-shaped, (2—4) x (5—10) mw, single or in pairs. 


Fic. 241 — Kl. lafarii 
After 3 days in malt extract 


After one month at 17° C. the streak culture is smooth and shining, 
reyish-brown. 
Slide cultures: No pseudomycelium is formed. 


Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose ++ Raffinose — 
Sugar assimilation: Glucose + Maltose — 
Galactose — Lactose — 


Saccharose ++ 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Scarcely any growth. 
Splitting of arbutin: Absent. 





6 Discussion 


Kl. lafarii bears great resemblance to KI. jensenii. It differs from the 
atter in the size of the cells and in the inability to ferment raffinose. 
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e Origin of the strains studied 


1 strain was studied. 
It was obtained from the ‘“‘N.C.T.C.” in 1929. It is said to have been isolated 


by Kiécker from soil from Java. 
8. KLOECKERA MAGNA (DE ’ROSSI) JANKE 


a Synonyms 


Pseudosaccharomyces magnus De ’Rossi (1920) 


6 Original description and historical survey 


DE ’Rossr (1920) isolated this organism from grapes and grape-must in Umbria. 
He gave the following description: 

In grape-juice or in yeast extract with glucose: Cells after 2 days at 
20 —25° C. are large, lemon-shaped, (2,7 —4,8) x (4,8 —9,6) nu, single, or in clusters 
of three to four cells. Budding only at the poles. 

In older cultures cells are apiculate, ellipsoidal, round or cylindrical, large or 
small. The liquid grows turbid; a heavy sediment is formed. 

On grape-juice gelatin: The growth is flat and white; after some days the 
color changes to pale red-brown. 

Fermentation: In grape-juice fermentation occurs. 

LoppER (1934), who studied a strain obtained from CASTELLI, originating from 
De ’Rosst’s collection, found the fermentation: 


Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 


y Standard description of Kloeckera ma gna 


Growth in malt extract: After 3 


days at 25° C. cells are lemon-shaped or oval, > 2 
(3,5—6)  (5,5—10) pu, single or in pairs (Fig. () es a fr 
242), ee 


After one month at 17° C. a sediment, no 
ring is formed. 

Growth on malt agar: After 3 days 
at 25° C. cells are large, lemon-shaped or oval 
(3,5—5,5) x (9—11) uw or somewhat smaller, 
mostly oval, (2,5—4) x (4—5) wu. 

After one month at 17° C. the streak culture 
is pasty, shining and wrinkled, yellow-brown. 

Slide cultures: No pseudomycelium 





Fie. 242 — Kl. magna 
After 3 days in 
is formed. A few elongate cells may occur. malt extract 
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Fermentation: Glucose + Maltose — 
Galactose — Lactose — 
Saccharose — 
Sugar assimilation: Glucose + Maltose + 
Galactose — Lactose — 
Saccharose — 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Scarcely any growth. 
Splitting of arbutin: Absent. 


6 Discussion 


It is obvious that there is a great conformity between KI. magna and 
/. corticis. The striking difference, however, lies in the cell dimensions. 


e Origin of the strains studied 


2 strains were studied 4). 

One was obtained from CastTetxr (Italy) in 1934 and came from Der ’Rossr’s 
ollection. 

The second strain was obtained from NreHaus (Germany) in 1932. It was 
nbeled Kloeckeraspora osmophila and isolated from grapes. As pointed out on p. 
09 this strain has been brought provisionally into the genus Kloeckera. 


CASTELLI’s strain is the type strain of this species. 


SUMMARY 
A diagnosis of the genus Kloeckera has been given. 
The 28 strains which have been studied, were classified in eight species. 
rhese eight species have been described before in ‘“Die anaskosporogenen 
Tefen, I Halfte’. The other species described in this publication: A‘. 
indneri, Kl. lindneri var. pelliculosa and Kl. brevis could be identified 
vith Kl. apiculata. 
A key to the species has been given. 
Kloeckera apiculata is the type species of the genus. 
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Genus 7. TRIGONOPSIS Schachner 


a. DIAGNOSIS OF THE GENUS 


Cells triangular or ellipsoidal. Reproduction by budding, in the triangular 
cells at the angles, in the ellipsoidal cells multilateral. No pseudomycelium. 


In malt extract a sediment, a ring and some islets or a pellicle. 
No fermentation. 


b. THE TYPE SPECIES OF THE GENUS 


Since only one species in this genus has been described, viz. Trigonopsis 
variabilis Schachner, this species is the type of the genus. 


c. SURVEY OF THE SPECIES ACCEPTED IN THE GENUS 


The genus Trigonopsis includes one species: 
1. Trigonopsis variabilis Schachner 1929. 


d. SYSTEMATIC. DISCUSSION OF THE SPECIES 
1. TRIGONOPSIS VARIABILIS SCHACHNER 


(6 Original description and historical survey 


SCHACHNER (1929) isolated this organism from beer in a Munich brewery. He gave 
the following description: 

Growth in malt extract: One part of the cells has a normal ellipsoidal form. 
The average length of the bigger cells is 4 uw, of the smaller ones 2,5 ~ under normal 
conditions. In a hanging drop culture (according to LINDNER’s method) these sizes 
are 3,5 uw and 2 yw. The other part of the cells have the shape of an equilateral 
triangle with mostly concave sides and rounded angles. The average length of the 
sides is 4,5 w. The buds arise successively from the three angles of the triangle. 
This form has never been observed before in vegetative yeast cells. 

A sediment and after a longer period a thin ring is formed; no pellicle occurs. 

Growth on malt agar: The colonies are flat disks. 

Fermentation: No fermentation. 

Lopper (1934) examined ScHACHNER’s strains and gave a description identical 
with the standard description. 


» Standard description of Trigonopsis variabilis 

Growth in malt extract: After 24 hours at 25° C. most cells 
are ellipsoidal, (2,5—3,5) * (3,5—5) wm. After 3 days at 25° C. cells are 
mostly triangular, length of the sides 3—5 m“; some cells are ellipsoidal, 
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(2,5—3,5) x (3,5—4,5) w (Fig. 243). A sediment and a thin pellicle. 
After one month at 17° C. a sediment and a thin pellicle are present. 
Growth on malt agar: After 3 days at 25° C. cells are nearly 

all triangular; length of the sides 3,5—5 wy; 

some cells are ellipsoidal, 3 x 4,5 uw. 

After one month at 17° C. the streak culture 
is cream-colored, smooth, flat and shiny. 


Slide cultures: No pseudomycelium L Of he 


is formed. 

Fermentation: Absent. SF ver 
Sugar assimilation: C{ CKO 
Glucose + Maltose — a ie 

Galactose + Lactose — Fic. 243 — Trig. variabilis 
Saccharose — After 3 days in 
Assimilation of potassium malt extract 


nitrate: Absent. 
Ethanol as sole source of carbon: Weak growth. 
Splitting of arbutin: Absent. 


é Origin of the strains studied 


2 strains were studied. 

Both were obtained from ScHacHNeR (Germany) in 1929 and isolated from 
beer. ScHACHNER designated these strains as “‘Rasse I’? and ‘“‘Rasse II”? on account 
of a difference in the ratio of triangular to ellipsoidal cells. LoppEr (1934), however, 
could hardly recognize this difference. 


SCHACHNER’s strain “Rasse I’’ has been chosen as the type strain of 
the species. 
e. SUMMARY 


A diagnosis of the genus T'rigonopsis has been given. Of the single 
species described in this genus two strains have been studied. 
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§3. SUBFAMILY TRICHOSPOROIDEAE 


For the diagnosis of this subfamily cf. p. 69. 
A discussion of the only genus belonging to this subfamily follows. 


Genus 1. TRICHOSPORON Behrend 
a. DIAGNOSIS OF THE GENUS 


Abundant development of pseudomycelium and true mycelium, besides 
blasto- and arthrospores. Blastospores develop in a simple way: in small 
chains or in wreaths. The degree of development of blasto- and arthrospores 
may be very different. Cells of variable shape. Chlamydospores may occur. 

In malt extract a sediment, ring and pellicle. 

Oxidative and rarely also fermentative dissimilation. 


b. THE TYPE SPECIES OF THE GENUS 


According to art. 18 of the Intern. Rules of Botan. Nomenclature 
T'richosporon cutaneum (de Beurmann, Gougerot et Vaucher) Ota is the 
type species of the genus. 


c. HISTORICAL SURVEY OF THE GENERIC NAME 


BEHREND (1890) created the genus T'richosporon and gave a very 
exhaustive description of its properties which follows: 
Conidia which multiply like yeasts but usually form a more or less long 
germ tube. At the end of this tube a rather long chain of bar-like or 
oviform segments arise, entirely conformable to the conidia of Oidiwm lactis. 
A true branched mycelium does not occur; occasionally a germ tube 
forms a side-branch. 

The only species described by him in the genus is T'richosporon ovoides. 

Since this is the oldest diagnosis given of the genus, the name T'richosporon 
as priority to other names, e.g. Proteomyces Moses et Vianna 1913, 
osporidium Stautz 1931 and Geotrichoides Langeron et Talice 1932. 

The name T'richosporum was already used by Fries (1825, 1849) in 
he description of a new genus, but the author used for the same genus in 
he indices of these publications the name T'richosporium (cf. C. W. Dope@x 
1935), and Saccarpo (1886 b) accepted only the latter name for the 
ungus described by Fries, which belongs to the Dematiaceae. 
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Many authors, among whom VUILLEMIN (1902), indicated T'richosporon 
Behrend as T'richosporum. Also the name T'richosporium was misused for 
this genus. 

All this caused some confusion. Therefore DopGE (1935) abandoned the 
name T'richosporon(-wm) and chose the newer name Proteomyces. 

Nowadays, following Saccarpo’s example, the name T'richosporium is 
generally used for species of the Dematiaceae, whereas Trichosporon, also 
written T'richosporum, is used for organisms with blasto- and arthrospores. 
That is why Dipprns and LoppErR (1942) considered the confusion 
mentioned before solved and accepted only the name T'richosporon for the 
organisms discussed here. 


d. SURVEY OF THE SPECIES ACCEPTED IN THE GENUS 


The genus T'richosporon includes eight species and one variety which 
follow in chronological sequence: 


1. Trichosporon pullulans (Lindner) Diddens et Lodder 1895 
Trichosporon cutaneum (de Beurm., Gougerot et Vaucher) Ota 1909 
Trichosporon cutaneum (de Beurm., Gougerot et Vaucher) Ota 

var. multisporum (Cochet) nov. var. 


3. Trichosporon infestans (Moses et Vianna) Ciferri et Redaelli 1913 
4. Trichosporon margaritiferum (Stautz) Buchwald 1931 

5. Trichosporon sericeum (Stautz) Diddens et Lodder 1931 

6. Trichosporon capitatum Diddens et Lodder 1942 

7. Trichosporon fermentans Diddens et Lodder 1942 

8. Trichosporon behrendii nov. spec. 


e. KEY TO THE SPECIES OF THE GENUS TRICHOSPORON 


la No sugar fermentation (2) 
b Ferments glucose and galactose 
Tr. fermentans .. . a ere | ee 


ce Ferments glucose and paacharbees Ae galactose and 
maltose are fermented, but weakly 


D.: DERTONOU. oh ete, oe p. 638 
2a Nitrate utilized | (3) 
b Nitrate not utilized (4) 


3a Glucose, galactose, saccharose and maltose assimilated. 
Mycelium much reduced 


Tr. margaritiferum., . . . 5 44 2 oe p. 631 
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b Glucose, galactose, saccharose, maltose and_ lactose 
assimilated. Mycelium well developed 
UR DUNN ier. hod he ee p. 616 
4a Glucose and galactose assimilated (5) 
b Glucose, galactose, maltose and lactose assimilated 
Lire ehe we ee. 8s. s x Pp. O28 
ce Glucose, galactose, saccharose, maltose and_ lactose 
assimilated 
EAT i, tone) ae ey ts PE BBS 


Tr. cutaneum var. multisporum 


5a Mycelium usually strongly reduced; blasto- and arthro- 
spores not in clusters 


Pererieeiiiee Ce. eA Sa, Pr 7633 

b Mycelium well developed; blasto- and arthrospores often 
in clusters. Galactose assimilation weak 

MCU PiCUne. Wen tec sk VERS! eS EE 6S4 


f. SYSTEMATIC DISCUSSION OF THE VARIOUS SPECIES 


1. TRICHOSPORON PULLULANS (LINDNER) DIDDENS ET LODDER 
a Synonyms 


Oidium pullulans Lindner (1895) 

Oospora pullulans (Lindner) Lindau (1907) 

?Endomyces vernalis Ludwig (1896) 

?Endomycopsis vernalis (Ludwig) Dekker (Stelling-Dekker 1931) 
Oosporidium fuscans Stautz (1931) 

Trichosporon fuscans (Stautz) Buchwald (1939) 


6 Original description and historical survey 


In air and in racking-samples from storage casks in an experimental brewery 
LrxpNER (1895) found an organism which he named Oidium pullulans and described 
as follows: . 

Morphologically this fungus takes a place between Oidiwm lactis x) and yeast forms. 
Splitting up of the hyphae into oidia occurs as well as budding which leads to the 
formation of yeast-like cells. In malt extract yeast cells develop or a mycelium 
from which suddenly gemmae (chlamydospores) arise which may form budding cells. 

Growth in malt extract: After 2 days a dull pellicle and a creamy ring are 
formed. The sediment is loose and thin. 

Growth on malt gelatin: Yellowish-brown, dull to shiny. 

Fermentation in malt extract: No fermentation. 


1) This fungus is now classified in the genus Geotrichum. 
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Linpav (1907) brought this species into the genus Oospora, DIDDENS and 
LoppeER (1942) into the genus T'richosporon. 


The other synonyms of Trichosporon pullulans will now be discussed. 

Lupwia4 (1896) detected in the exudation of birches and hornbeams in the early 
springtime an organism which he named Endomyces vernalis. He gave a very short 
description : 

Mycelium of thin hyphae and small oidia. Chlamydospores. Few asci. The 
formation of the spores resembles that of Endomyces decipiens. In the latter species 
the spores are roundish, later on hat-shaped. 

Endomyces vernalis has been used for the production of fat (ef. Napson und 
Konoxotina 1924, Harun und Kintror 1925, Fryx et al. 1937). 

STELLING—DEKKER (1931) studied a strain obtained from JACOBSEN which had 
been isolated by LinpNER. Neither she, nor any of the authors after Lupwic could 
find spores. STELLING—DEKKER brought this species into the genus Endomycopsis. 

Srautz (1931) isolated an organism from brown exudation of a chestnut. He 
described it as Oosporidium fuscans. BucHWALD (1939) brought it into the genus 
Trichosporon. DippENS and LoppER (1942) found that it is identical with 
Trichosporon pullulans. 


y Standard description of Trichosporon pullulans 1) 


Growthin malt extract: After 3 days at 17° C. good growth, 
chiefly of pseudomycelium and mycelium. Single cells which may be 
blastospores, arthrospores and pseudomycelial cells are oval, long-oval or 
cylindrical, seldom round. Dimensions are variable, (3,5—9,5) x (4,5—20) uw 
(Fig. 244). A sediment and a thick mucous ring are formed. The latter 
grows out to a thick, usually mucous, dropping pellicle. 


Te 





Fic. 244 — Tr. pullulans 
After 3 days in malt extract 





1 ; : : 
) Most strains of this species grow better at 17° C. instead of at 25° C. 
Therefore all the experiments were performed at the former temperature, 
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Streak culture on malt agar: After one month at 17° C. 
brownish-yellow to orange, soft or tough, dull, hairy to silky, mostly 
smooth with a single wrinkle; the surface is rarely wholly wrinkled. 

Slide cultures: At 17°C. good development of pseudomycelium 
and mycelium. More arthrospores than blastospores which may be very 
scarce. They are formed singly or in little chains on the mycelium which 
is split up into arthrospores (Fig. 245). 


es 


y 


Fig. 245 — Tr. pullulans 
Slide culture, potato agar (strain Meeuse) 


Fermentation: Absent. 


Sugar assimilation: Glucose + Maltose + 
Galactose +- Lactose + (weak) 
’ ; Saccharose +- 


Assimilation of potassium nitrate: Positive. 
Ethanol as sole source of carbon: Growth; a sediment 


and a pellicle are formed. 
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Splitting of arbutin: Positive. 
Splitting of fat4): Positive. 


6 Discussion 


The results of our examination are in good agreement with the original 
descriptions. 

There is one exception, viz. the assimilation of nitrate by Endomycopsis 
vernalis found negative by STELLING-DEKKER and positive by us, though 
we studied the same strain. We neither had authentic strains of this 
species; still they agreed very well with earlier descriptions. 

Since Lupwic is the only author who observed a few spores in his 
strain of Hndomyces vernalis and since it is not certain whether he has 
worked with pure cultures (cf. HANSEN’s criticism in 1892 on the spore 
formation which Lupwie observed in Endomyces magnusii) the capability 
of this organism to form spores needs further confirmation. If spores should | 
be formed this species would be the perfect stage of T'richosporon pullulans. — 
Whether it should then be classified in the genus Endomycopsis or in a 
separate genus is uncertain. 

Since in every respect this yeast is identical with T'richosporon pullulans 
we will provisionally regard Hndomyces (Endomycopsis) vernalis as a 
synonym of the latter. 


é Origin of the strains studied 


15 strains were studied. 

One strain, Oospora pullulans, was obtained from LINDNER (Berlin) in 1912. 

Of the two strains labeled Endomycopsis vernalis one was obtained from JACOBSEN 
(Holland) in 1926. It had been isolated by LinpDNER. The second strain was received 
from BERNHAUER (Prague) in 1939. 

The strain Oosporidium fuscans came from Srautz (Germany) in 1930; it had 
been isolated from brown exudation of a chestnut. 

The 11 other strains had all been sent to the “C.B.S.” for classification. 

One was received from VERMEULEN (Holland) in 1934 and was isolated from the 
beer pipes in a brewery. 

One was obtained from VirTANEN (Helsinki) in 1934 and isolated from birch sap. 

Another culture from VirTaNEN was also isolated from birch sap, viz. by 
TURPEINEN in the neighborhood of Helsinki in 1933. This yeast was studied by 
TURPEINEN (1936) on account of its fat production. 

Two cultures received from RENNERFELT (Stockholm) in 1935 and °36 had both 
been isolated from wood-pulp. One of them (strain B) was mentioned by 


2 aATAT : “e mae gr * . . . . 
RENNERFELT in his thesis (1937) as having antagonistic influence on blueing fungi. 





‘) This property was tested for all the strains belong 


ing to this species which 
may produce fat abundantly. 
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Four yeasts were sent by Scorr (Australia) in 1935, all isolated from beef. One of 
them indicated as ‘“‘yeast 9’? came from beef cooled during six weeks at — 1° C, 
It was mentioned in studies by Scorr (1936) and Empry and Scorr (1939) on 
yeasts able to grow at low temperatures. 

Of the remaining strains one was obtained from the “Kgl. Veterinaer- og 
Landbohéjskole, Maelkerilaboratorium” in Copenhagen and isolated from butter, 


One came from MeEgEvseE (Holland), The latter had been isolated from the 
exudation of an Acer. 


The strain from LINDNER indicated as Oospora pullulans has been 
maintained as the type of the species. 


2. TRICHOSPORON CUTANEUM (DE BEURM., GOUGEROT ET VAUCHER) 
OTA 


One variety belongs to this species: 

Trichosporon cutaneum (de Beurm., Gougerot et Vaucher) Ota var. 
multisporum (Cochet) nov. var. 

a Synonyms of the species 


Oidium cutaneum de Beurm., Gougerot et Vaucher (1909) 
Monilia cutanea (de Beurm., Gougerot et Vaucher) Cast. et Chalmers (1913) 
Mycoderma cutaneum (de Beurm., Gougerot et Vaucher) Neveu-Lemaire (1921) 
Geotrichoides cutaneus (de Beurm., Gougerot et Vaucher) Langeron et Talice (1932) 
Geotrichum cutaneum (de Beurm., Gougerot et Vaucher) de Almeida (1933) 
Proteomyces cutaneus (de Beurm., Gougerot et Vaucher) C. W. Dodge (1935) 
Oidium moniliaforme Weigm. et Wolff (1909) 
Oospora moniliaformis (Weigm. et Wolff) Berkhout (1923) 
Endomyces rotundus Cast. (1912) 
Monilia rotunda (Cast.) Cast. et Chalmers (1913, Castellani 1914) 
Oidium rotundatum (Cast.) Cast. et Chalmers (1919) 
Oospora rotundata (Cast.) Berkhout (1923) 
Mycoderma rotundatum (Cast.) Brumpt (1927) 
Myceloblastanon rotundatum (Cast.) Ota (1928) 
Geotrichum rotundatum (Cast.) Cif. et Red. (1929) 
Candida rotundata (Cast.) Basgal (1931) 
Trichosporon rotundatum (Cast.) Puntoni (1935 a) 
Endomyces rugosus Cast. (1912) 
[nee Mycoderma rugosa Anderson (1917); nec Candida rugosa (Anderson) 
Diddens et Lodder (1942)] 
Monilia rugosa (Cast.) Cast. et Chalmers (1913, Castellani 1913) 
Hemispora rugosa (Cast.) Cast. et Chalmers (1919, Castellani, Douglas and 
Thompson 1921) 
Parendomyces rugosus (Cast.) Ota (1924) 
Trichosporon(um) rugosum (Cast.) Ota (1926) 
Geotrichum rugosum (Cast.) C. W. Dodge (1935) t 
Parendomyces balzeri Gougerot et Burnier (Balzer, Gougerot et Burnier 1912) 
Saccharomyces balzeri (Gougerot et Burnier) Cast. et Chalmers (1913) 
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Monilia balzeri (Gougerot et Burnier) Neveu—Lemaire (1921) 

Trichosporon balzeri (Gougerot et Burnier) Ota (1926) 

Trichosporium balzeri (Gougerot et Burnier) Bolognesi et Chiurco (1927) 

Geotrichoides balzert (Gougerot et Burnier) Langeron et Talice (1932) 

Candida balzeri (Gougerot et Burnier) de Almeida (1933) 

Proteomyces balzert (Gougerot et Burnier) C. W. Dodge (1935) 

Oidium pulmoneum de Magalhaes (1914 a) 
[nee Oidium pulmoneum Bennett (1842); nec Oospora pulmonea (Bennett) 
Sace. (1886a); nee Mycoderma pulmoneum (Bennett) Vuill. (1891); nec Monilia 
pulmonea (Bennett) Cast. et Chalmers (1913); nee Geotrichum pulmoneum 
(Bennett) Cif. et Red. (1929)] 

Neogeotrichum pulmoneum de Magalhaes (1932) 

Oidium brasiliense de Magalhaes (1918) 
[nec Zymonema brasiliense Splendore (1912); nec Coccidioides brasiliensis 
(Splendore) de Almeida (1929); nec Paracoccidioides brasiliensis (Splendore) 
de Almeida (1930); nec Monilia brasiliensis (Splendore) Vuill. (1931)] 

Mycoderma brasiliense (de Magalhies) Neveu—Lemaire (1921) 

Monilia brasiliensis (de Magalhies) Brumpt (1922) 

Myceloblastanon brasiliense (de Magalhaes) Ota (1928) 

Geotrichum brasiliense (de Magalhaes) Cif. et Red. (1929) 

Candida brasiliensis (de Magalhaes) Basgal (1931) 

Trichosporon brasiliense (de Magalhaes) Puntoni (1935 a) 

Hemispora pararugosa Cast., Douglas et Thomp. (1921) 

Trichosporon pararugosum (Cast., Dougl. et Thomp.) Nann. (1934) 

Mycoderma pararugosum (Cast., Dougl. et Thomp.) C. W. Dodge (1935) 

Parendomyces asteroides Rischin (1921) 

Trichosporon(um) asteroides (Rischin) Ota (1926) 

Trichosporium asteroides (Rischin) Bolognesi et Chiurco ( 1927) 

Geotrichoides asteroides (Rischin) Langeron et Talice (1932) 

Proteomyces asteroides (Richin) C. W. Dodge (1935) 
[nec Monilia asteroides Cast. (1914); nec Oidiwm asteroides (Cast.) Cast. 
et Chalmers (1919); nec Mycoderma asteroides (Cast.) Brumpt (1927); nec 
Geotrichum asteroides (Cast.) Basgal (1931)] 

Trichosporon asahii Akagi (1929) 

Trichosporon humahuaquensis Mazza et Niiio (1933) 

Hemispora coremiformis Moore (1935) 

Proteomyces variabilis Boedijn et Verbunt (1938) 

Mycotorula mucinosa Goidanich, Ciferri et Redaelli (1939) 

Trichosporon minor de Aréa Leao (1940) 


aa Synonyms of the variety 


Trichosporum multisporum Cochet (1940) 


6 Original description and historical survey of the species 


D DU N J : 
E BEURMANN, GouGEROT and VAUCHER (1909 a, b, DE BEURMANN et GovuGErrRoT 


1909) described this species as Oidium cutaneum. The original description was not 
accessible to us, 
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According to CASTELLANI and other investigators this organism was isolated 
from a case clinically resembling sporotrichosis or syphilis. The diseased spot showed 
a gummy appearance. 


Brrtntema (1930) having apparently read the original description cites it as 
follows: 

The young cultures are flat, white and shiny; only round or oval budding cells 
are formed. Later on besides these budding cells mycelial hyphae occur which are 
often septate. The cultures are sulcate and of a solid consistence; the margin of the 
colonies is radiating. Older cultures are yellowish-white, coarsely wrinkled and of 
a white dusty appearance. They are exclusively composed of mycelial hyphae, 
mostly broken up into oidia or arthrospores. Chlamydospores occur. Glucose 
is fermented by young cultures, not by old ones. In liquid media a pellicle is 
formed. 

CASTELLANI and CHALMERS (1913) brought this species into the genus Monilia. 
They gave the following rather incomplete description: 

On some media (e.g. glycerol agar) this fungus grows like a Saccharomyces and 
ferments glucose; on other agar media mycelium and yeast cells are formed, glucose 
is not fermented then. On glucose agar the colonies are white-yellowish, mammillary 
with a radiating aureola. 

It is dubious from this description whether a pure culture was studied. Possibly 
this refers to a mixture of two organisms one of which is a Trichosporon. 

Ora (1926) brought this species into the genus T'richosporon. He gave a rather 
detailed description of a culture from SaBouraup’s collection. The origin of this 
culture was not recorded but Ora did not doubt its identity. 

The description runs as follows: 

Yeast cells, oidia, mycelium, chlamydospores and pseudoconidia are formed. 
Chiefly yeast cells occur. The cells measure (3—5) x (5—10) mw. Few oidia are 
observed. The mycelium is 2,5 —4 yw thick. It is less branched than other T’richosporon 
species studied by Ora. The growth on malt-, glucose- or peptone agar is whitish, 
becoming dull and cream-colored to waxen. After five days the growth is thick, 
wafer-like wrinkled and raised in the middle; the surface is fluffy, causing a white 
appearance. No fermentation. 

NEVEU-LEMAIRE (1921) mentioned this species as Mycoderma cutaneum, the 
genus Mycoderma sensu VUILLEMIN, i.e. synonymous with Geotrichum. A des- 
cription was not given. 

LANGERON and TaLice (1932) brought the species into the genus Geotrichoides, 
De AtmeErpa (1933) into the genus Geotrichum, DopceE (1935) into the genus 
Proteomyces. No description was given by either of these authors. 

Punrontr (1938) made an elaborate study of the species. He used the original 
generic name T'richosporon, whereas Ora following VUILLEMIN wrote Trichosporum. 


As appears from the list of synonyms many organisms described as separate 
species are identical with T’r. cutaneum. A number of these synonyms will be taken 
into consideration. 

Oidium moniliaforme was described by WEIGMANN and WOLFF in 1909. It was 
isolated from early curdling milk. BerKHOouT (1923) brought the species into the 


genus Oospora. 
Trichosporon rotundatum has been assigned to various genera. The culture 
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described by CASTELLANI (1912) as Endomyces rotundus was isolated from the 
feces of a patient suffering from thrush or enteritis. PUNTONI studying an authentic 
culture considered it in 1938 identical with T’richosporon cutaneum. 

Endomyces rugosus was described by CASTELLANI (1912). Strains of this species 
were isolated from patients suffering from bronchitis or tonsillitis. PUNTONI (1938) 
found that an authentic culture he studied was identical with Tr. cutaneum. 

Parendomyces balzeri was first described by GoucERot and BURNIER (BALZER, 
GoucERoT et BuRNIER 1912). It had been isolated from an ulceration of the thigh. 
Orta brought it into the genus Trichosporon. PuntTont (1938) thought it different 
from Tr. cutaneum because the colonies of Tr. balzeri are more coarsely wrinkled 
and the mycelial hyphae may ramify in two or three branches. DippENS and 
LoppER (1942) considered the difference of minor importance and identified Tr. 
balzert with Tr. cutaneum. 

In 1914 De MacarHags (1914 a) provisionally named an organism isolated from 
sputum Oidium pulmoneum. In the same year the author (1914 b) changed the 
name into Oidium brasiiiense as the former name had already been used by 
BENNETT in 1842 for an organism: not identical with the one described by 
De MacarHags (cf. C. W. Dopce 1935). In 1918 be gave a description of this 
organism. PuNTONI (1935 a) named this species T'richosporon brasiliense. In 1938 
he considered it identical with J'r. cutaneum. 

CASTELLANI, Doucitas and THompson (1921) described an organism isolated 
from sputum as Hemispora pararugosa. It is closely related to Hemispora rugosa. 
CASTELLANI and Taytor (1925) mentioned as only difference the liquefaction of 
gelatin, which was negative or very weak in H. rugosa, strong in H. pararugosa. 
Nannizzi brought the species in 1934 into the genus Trichosporon. CIFERRI and 
REDAELLI came to the same conclusion in this year. The genus Hemispora was 
created by VUILLEMIN (1906) on account of hemispores, which were considered to 
be an intermediate form between conidia and blastospores. CIFERRI and REDAELLI 
(1934) and REDAELLI and CireRRi (1934), however, discarded this genus owing 
to the inadequacy of the conception hemispore. 

RiscHIn (1921) isolated from a disease of the skin an organism, which he 
described as Parendomyces asteroides. PUNTONI (1938) was the first author who 
brought it into the genus Trichosporon. DippENs and LopDER (1942) considered 
it identical with Tr. cutanewm. 

An organism named Trichosporon asahii was described by AxKaGtI in 1929. I thad 
been isolated-from a mycotic infection of the skin of a baby. DippENs and LoppER 
(1942) thought it synonymous with Tr. cutanewm. 

Mazza and NrNo (1933) described an organism as T'richosporon humahuaquensis. 
It had been isolated from a case of piedra in Argentine. It was brought into the 
species T'r. cutaneum by DippENs and LoppER (1942). 

An organism named Hemispora coremiformis was described by Moore (1935). 
It had been isolated from an infection at the head of a farmer, caused by scratching 
the sting of a bee. Dipprens and LoppER (1942) considered it synonymous with 
Tr. cutaneum. 

Borepisn and VerBunt (1938) described an organism isolated from an infection 
of the skin diagnosed as epidermophytis or as erythrasma. They named it 
Proteomyces variabilis. Since the publication of DippENs and Lopper (1942) it is 
considered to be a synonym of Tr. cutaneum. 
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An organism named Mycotorula mucinosa was described in 1939 by GorpaAnica, 
CIFERRI and REDAELLI. It had been isolated from wood-pulp used for paper 
manufacture, 


De Ara LEAO (1940) described an organism from a case of axillar piedra as 
Tr. minor. 


fp Original description and historical survey of the variety 


This organism was twice isolated by CocuEr (1940) from the intestines of white 
rats. She named it T'richosporum multisporum and gave the following description : 

Growth in peptone water with glucose: After 5 to 6 days a ring and a 
wrinkled pellicle are formed. 

Growth on glucose agar: The colonies show a brain-like appearance with 
a raised centre and folded edges ending in a fringe. They are white to cream-colored, 
not shiny. The folded parts are covered with white dust. In growing older the 
culture becomes more yellow. 

The cultures consist of mycelial hyphae with a diameter of 2—10 u, many round 
spores measuring 4—5 yw, single or two to three together, and arthrospores. 


y Standard description of Trichosporon cutaneum 


Growth in malt extract: After 3 days at 25° C.—owing to 
slow growth in many strains after a longer time—cells of variable form 





Fic. 246 — Tr. cutaneum 
After 3 days in malt extract 
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occur: round to oval cells, (2,5—5) x (3,5—9) yw, cylindrical cells, 
(2,5—5) x (6—22) mw and occasionally giant cells, (7—9) x (9—26) uw 
(Fig. 246). 

Several times a pellicle is formed which often drops to the bottom 
giving the culture a membranous appearance. 

Streak culture on malt 
agar: After one month at 17° 
C. three groups of cultures with 
many intermediate forms may be 
distinguished. The streak culture 
of group I is dry, dull, hairy; 
that of group II is dry, dull 
and not very hairy; in group III 
it is shiny to mucous, seldom 
hairy. 

All groups are wrinkled, raised, 
cream-colored to yellowish-grey, 
often with a greyish-green or 
reddish tinge. 

Slide cultures: Good 
development of mycelium, arthro- 
and blastospores. The blasto- 
spores are formed singly, in 
small chains or in small clusters. 
The arthrospores may give rise 
to a typical zigzag formation, 
when two adjacent arthrospores 
grow to form an angle (Fig. 





Fic. 247 — Tr. cutaneum 
247). Slide culture, potato agar (strain Aschner) 
It seems that the occurrence 
of blasto- and arthrospores is variable; with prolonged cultivation less 
blastospores and more arthrospores are formed, Occasionally racket- 
shaped mycelium occurs. 
Fermentation: Absent. 
Sugar assimilation: Glucose + Maltose + 
Galactose +- Lactose +- 
Saccharose -+- 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth or very 
weak growth. 
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Splitting of arbutin: Absent or very weakly positive. 
1 


— 


yy Supplementary description of Trichosporon cutaneum var. 
multisporum 


Growth in malt extract: After 3 days at 25° C. cells are 
round to oval, some of them elongate with crosswalls. Buds are formed. 
In the longer cells crosswalls may occur. A thick, dry, dull, highly wrinkled 
pellicle is formed. 

After one month at 17° C. the pellicle has become very thick, filling the 
flask to the bottom. 

Streak culture on malt agar: After one month at 17° C. 
dry, with dull and shiny parts, raised, tough, wrinkled, partly hairy; the 
color is yellow. 

Slide cultures: Good development of mycelium. The mycelium 
is split up into arthrospores of variable length. Many round blastospores 
arise, situated at the crosswalls and at 
the ends of the arthrospores, single or 
with two or three (Fig. 248). 


é Ld Discussion 


O To the list of synonyms given by DIDDENS 
and LoppER (1942) two have been added, 
viz. Trichosporon minor de Aréa Leao 
(1940) and Mycotorula mucinosa Goidanich, 
Ciferri et Redaelli (1939). 

The description of T'r. minor agrees very 
well with our results. The author created 
a new species on account of cultural char- 
acteristics only, e.g. the size of the cells and 
the appearance of the colonies. It fits, how- 
ever, very well in the species T'r. cutaneum. 

The description given by GOIDANICH, 
CirerRI and RepagLtir of Mycotorula 





Fic. 248 — Tr. cutaneum mucinosa generally corresponds with the 
var. multisporum results of our examination. There is, 
Slide culture, potato agar = however, one important point of disagree- 


1) Under adequate conditions “starch” production was found by ASCHNER in 
wo strains. This was confirmed by us. The other strains were not tested. Cf. 
Iso Ascuner and Cury (1951). 


40 
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ment, viz. the occurrence of arthrospores not detected by the Italian 
authors. Though the development of both arthro- and blastospores is 
scanty, we still think it possible to identify this organism with T'richosporon 
cutaneum. 

The physiological properties of Tr. multisporum Cochet are closely 
related to those of 7'r. cutaneum. The main difference between the species 
consists of a morphological characteristic, viz. the blastospores, which are 
round and numerous. The blastospores of 7'r. cutaneum are more elongate. 
We think this difference too slight to maintain T’r. multisporum as a 
separate species and consider it as a variety multisporum of Tr. cutaneum. 


e Origin of the strains belonging to the species 


28 strains were studied. 

A strain labeled Geotrichoides cutaneus was received in 1934 via BAUDET from 
LANGERON (Paris). It is probably the strain studied by OTs and PunTont. 

In 1910 a strain labeled Oospora moniliaformis was received from BIERBERG 
(Germany). 

In 1926 two strains were obtained from CasTELLANI (London), Oospora rotundata 
and Trichosporon rugosum. 

Two strains came from CIFERRI; one Oidiwm brasiliense in 1928 from Puerto 
Rico and a second Trichosporon giganteum in 1932 from Santiago (Rep. Dominicana). 

Trichosporon giganteum is not a synonym of T'r. cutaneum. Since according to 
the literature the conception T’r. giganteum is very confused, DippENns and LoppER 
(1942) considered this name a “nomen dubium” and ‘‘confusum” 5) 

A strain of Trichosporon pararugosum was obtained in 1931 from the “N.C.T.C.” 
(London). 

A strain labeled Trichosporon malassezi came in 1930 from LEONIAN (U.S.A.). 
Since this name has never been met with in literature it is a “nomen nudum”. 

Two strains were received in 1935 from OTA (Japan), one labeled Parendomyces 
balzeri, the other Trichosporon asahii. 


*) Many authors, e.g. VUILLEMIN (1902), CASTELLANI and CHALMERS (1913), Ora 
and KawatTsura (1933), Nannizzi (1934), PuNTontr (1938) and RepaEe.uiand CrrerRI 
(1941) have attributed the description of Trichosporon giganteum to BEHREND. 
BEHREND (1890, 1891), however, mentioned T'r. ovoides as the only species in his 
newly created genus T'richosporon. It was isolated from a case of piedra in Germany. 

Other authors, DopGE (1935), Stmons (1936) ascribed Tr. giganteum to Unna. 
Some of Unna’s publications (1896 a, b) were not available. In the consulted one 
(1896 c) Tr. giganteum dit not occur. 

BrHREND studying an organism obtained from JUHEL—RENOY in Columbia 
considered it identical with his species T'r. ovoides. VurLLEMIN (1902), however, 
named the organism of JuHEL-RENOY T7'r. giganteum. 

Dopce (1935) cited it as T'r. giganteum Vuillemin. He brought it into the genus 
Piedraia as Piedraia columbiana, because many authors mentioned the occurrence 
of ascospores in the organism causing piedra in Columbia. 

PUNTONI (1938) described two cultures which he named Tr. gigantewm. 
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The origin of all these 10 strains is unknown. 

A strain of Trichosporon minor was obtained in 1948 from Dr Arta LExo 
(Rio de Janeiro). It had been isolated from a case of axillar piedra, 

An authentic strain of Parendomyces asteroides Rischin was received in 1933 
from BEerntema (Holland). Riscutn isolated this strain from an infection of the skin. 

An authentic strain of H. emispora coremiformis was obtained in 1935 from Moore 
(U.S.A.). It had been isolated from the head of a farmer infected by scratching 
the sting of a bee. 

An authentic strain of Trichosporon humahuaquensis was received in 1935 from 
NrINo (Buenos Aires). It had been isolated from a case of piedra. 

In 1939 an authentic strain of Proteomyces variabilis was obtained from Borpryn 
(Java). It was isolated from an infection of the skin diagnosed as epidermophytis 
or as erythrasma. 

An authentic strain of Mycotorula mucinosa was received in 1939 from REDAELLI 
(Italy). It was isolated from wood-pulp used for paper manufacture. 

12 unidentified strains were received. Part of them had been classified in the 
“C.B.S.”. Since at that time Geotrichoides was accepted as the proper name for this 
genus, many of them were classified as Geotrichoides species. 

In 1933 a strain labeled Candida B 2 was received from MELIN (Sweden). It was 
isolated from wood-pulp in a wood-pulp mill in Varmland. It was mentioned by 
MELIN and Nannretpr (1934) as Candida B 2 and Geotrichoides A. 

Another strain isolated from wood-pulp having a temperature of about 35° C. 
was received in 1938 from RENNERFELT (Sweden). It was provisionally labeled 
Geotrichoides spec. 116. 

In 1935 a strain was obtained from Simmons (Holland) isolated from ‘‘piedra 
noduli” on hair from Paramaribo. It was classified as Geotrichoides spec. (SIMONS 
1936). 

In 1938 four strains were received from the ‘Effluent Research Laboratory” 
(England). These strains had been isolated from the sewage works of a dairy factory. 

Two strains were obtained from Orre (Holland) in 1941 and 1942. Both are of 
human origin. One was isolated from the stomach (Orte 1946). 

In 1943 a strain was received isolated in Holland from sputum. 

Two strains were received in 1949 from ASCHNER (Jerusalem) isolated from 
orange peel. These strains produce “‘starch’”? under appropriate conditions. 


From the 18 strains of known origin 9 are of human origin, and from the 
10 strains of unknown origin most probably 9 are of human origin. 


The strain received as Geotrichoides cutaneus from LANGERON has been 
aintained as the type strain of this species. 


ee Origin of the strains belonging to the variety 


1 strain was studied. 
This is the authentic strain of Tr. multisporum sent by CocHetT in 1943. It 


as isolated from the feces of a white rat. 
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3. TRICHOSPORON INFESTANS (MOSES ET VIANNA) CIFERRI ET 
REDAELLI 
a Synonyms 
Proteomyces infestans Moses et Vianna (1913) 
Sporotrichum infestans (Moses et Vianna) Sartory (1922) 
Mycoderma infestans (Moses et Vianna) da Fonseca et de Aréa Leao (1929) 
Geotrichum infestans (Moses et Vianna) Brumpt (1936) 


Trichosporon cutaneum (de Beurm., Gougerot et Vaucher) Ota var. 
infestans (Moses et Vianna) Diddens et Lodder (1942) 


6 Original description and historical survey 


” Moses and VianNA (1913) studied this organism in a fatal case of disease in a 
negro in Rio de Janeiro. It was isolated from small abscesses mostly located on the 
limbs of the patient. The authors described this fungus as follows: 

On Sabouraud agar budding cells occur of pear-like shape. Besides mycelial 
threads are formed which split later on and set conidia free. From the conidia small 
buds or mycelium develop. 

On maltose bouillon a pellicle with broad and deep wrinkles is formed. 

On Sabouraud maltose agar the growth is light brown, raised and brain-like 
wrinkled; the marginal zone is radially folded. Older cultures are darker colored 
and have a dusty appearance. 

On Sabouraud glucose agar the growth is cream-colored, raised with a 
regular border and deep wrinkles. 

Liquefaction of gelatin: Positive. 

Fermentation: Glucose — 

Growth in milk: Coagulation. 

This description with the accompanying pictures made by the authors raises 
the presumption —as was already stated by CIFERRI and REDAELLI (1929) —that 
the budding cells are blastospores and the endoconidia arthrospores. CIFERRI and 
REDAELLI (1929), who had at that time no culture available for their study, 
preliminarily supposed the genus Proteomyces to stand between Geotrichum Link 
and Mycotorula Will. 

CIFERRI studied an authentic strain in 1930 and could confirm his assumption ; 
he actually found blasto- and arthrospores in Proteomyces infestans. 

Crrerrt and REDAELLI (1935) included the organism in the genus T'richosporon 
as Tr. infestans. 

PUNTONI (1935 b, 1938) agreed with this classification. 

DippDENs and LoppEr (1942), however, struck by the morphological conformity, 
brought Tr. infestans as a variety to Tr. cutaneum, although they found a difference 
in sugar assimilation between the two. 


y Standard description of 7' richosporon infestans 

Growth in malt extract: After 3 days at 25° C. the culture 
consists chiefly of mycelial hyphae (Fig. 249). After a longer period 
budding cells and arthrospores appear. They measure on average (3—4) X 
(4—10,5) mw, but may be longer. A loose sediment and a pellicle are formed, 
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After one month at 17° C. the culture chiefly consists of a thick tough 
smooth, slightly wrinkled pellicle. 


Streak culture on malt agar: After one month at 17° C. 
dry, dull, punctate, highly wrinkled, white to yellow. 


> 





Fig. 249 — Tr. infestans Fic. 250 — Tr. infestans 
After 3 days in malt extract Slide culture, potato agar 


Slide cultures: Abundant development of mycelium; formation 
f arthrospores and blastospores. The many arthrospores are mostly 
ounded, which gives them the appearance of a string of pearls. Occasion- 
lly a typical zigzag formation occurs when two adjacent arthrospores 
orm an angle. The blastospores are scarce. They are oval and arise 
singly on the splitting mycelium (Fig. 250). 

Fermentation: Absent. 
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Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose + 
Saccharose — 


Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Weak growth. 
Splitting of arbutin: Positive. 


6 Discussion 


Our results conform to the description of this organism given by 
DippEns and Loppsr (1942) but for the assimilation of maltose which 
we found to be positive in the Lquid media tests. The assimilation of 
saccharose was negative in all our tests. DippENs and LoppER considered 
the difference from 7'r. cutanewm, which only concerns the sugar assimilation, 
too slight to maintain a separate species. 

In accordance with our evaluation of specific characteristics T'richo- 
sporon infestans is now accepted as a separate species. 


é Origin of the strains studied 


1 strain was studied. 

It was received from CrFERRI (Rep. Dominicana) in 1929, who obtained it from 
the “Instituto Oswaldo Cruz’’ (Rio de Janeiro). It is obviously one of the authentic 
strains isolated by Mosrs and Vranna. 


4. TRICHOSPORON MARGARITIFERUM (STAUTZ) BUCHWALD 


a Synonyms 


Oosporidium margaritiferum Stautz (1931) 


6 Original description and historical survey 


Stautz (1931) isolated this organism several times from exudation of maples, 
oaks, limetrees and chestnuts. He gave the following description: 

The conidia from the exudation are arranged in strings, they are round, (4—6) 
or (6—8) uw, or oval, (6—7) x (8—10) pu; they have. a thick dark membrane. 
Multiplication by budding. A mycelium is formed from the strings of cells by 
elongation of each cell. By slight constrictions new segments of the mycelium may 
arise. In each segment a crosswall is formed splitting the cell into two parts. Very 
slow growth. Irregular branching at the ends of the cells of the mycelial hyphae. 

On agar media: Flat, yellow white, very slow growth. 

In flasks with bread, potato or carrot: The fungus forms half spherical 
knobs merging into each other and making a sharply confined or soft tubular 
growth. The growth obtains a characteristic brain-like appearance. The color is 
white, occasionally brownish-yellow, depending on the medium. 

Fermentation: No fermentation. 


re 
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Owing to the (slow) splitting of the mycelium and the yeast-like budding, the 
author considered this fungus as a new species of his new genus Oosporidium. 
BucHwaxp (1939) brought it into the genus T'richosporon. 


y Standard description of Trichosporon margaritiferum 


Growth in malt extract: After 3 days at 25° C. cells are 
round to oval, (4,5—7) x (7—12) mw. Only very few new cells have 
developed (Fig. 251). 

After one month at 17° C. a very thin 
sediment is formed. p 

Streak culture on malt 
agar: After one month at 17° C. light 
pink, dry, dull, raised, granular and 
strongly plaited to wrinkled. 

Slide cultures: Chains of round 
to oval budding cells. In the longer cells 
crosswalls occur (Fig. 252). The growth 
is a mixture of blastospores and arthro- ) 
spores. The mycelium is strongly reduced. 





/ 
Fie. 251 — Tr. margaritiferum Fic. 252 — Tr. margaritiferum 
After 3 days in malt extract Slide culture, potato agar 





Fermentation: Absent. 

Sugar assimilation’): Glucose + Maltose + 
ralactose + Lactose — 
Saccharose + 





1) Cf. note on p. 632. 
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- 


Assimilation of potassium nitrate’): Positive. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Absent. 


e Origin of the strains studied 


1 strain was studied. 
It was obtained from Srautz (Germany) in 1930, who isolated this organism 


from exudation of trees. 


5. TRICHOSPORON SERICEUM (STAUTZ) DIDDENS ET LODDER 


a Synonyms 


Oospora sericea Stautz (1931) 
Geotrichoides paludosus Smit (1934) 


6 Original description and historical survey 


Stautz (1931) could isolate this organism several times from brown exudation 
of an oak. We give the most important part of his description. 

In coverslip moist chambers the conidia germinate within 24 hours. Germ 
tubes are formed on one or both poles. The tubes grow in the length axis of the 
mother cell to the same length. In a moist chamber no more than 3 to 4 septa occur 
in the new cell; after this mostly two segments are formed by a break through a 
crosswall. From the splitting points new conidia may arise by budding. 

In this way from one conidium a row of short septate mycelium treads, each 
germinating again at the poles, may arise after some time. 

If a layer of agar is put upon the culture, mycelium develops abundantly, splitting 
up later on. The mycelium is mostly dichotomically branched. The threads are 
4—6 mw thick; the segments have a length of 10—40 wm. 

Growth on salep agar: Greyish white, flat and shiny; the margin is lobate 
or curved. No aerial mycelium. 

Growth on carrot and potato: Yellowish white, dull, flat. At first there 
is besides many conidia a hyalin septate mycelium. Later on the culture consists 
chiefly of granulated, elongate or egg-shaped conidia. 

Fermentation: No fermentation. 


Smit isolated an organism from activated sludge which was provisionally classified 
in the “C.B.S.”? as Geotrichoides spec. SMIT (1934) described it as Geotrichoides 
paludosus. DipDENS and LoppER (1942) identified it with Tr. sericeuwm. 


1 _ i . hd 

) Owing to the very slow growth of this yeast the auxanographic method 
appeared to be less suitable. Therefore the liquid medium test according to 
WICKERHAM was used. 
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y Standard description of Trichosporon sericeum 

Growth in malt extract: After 3 days at 25° C. cells are 
long-oval to elongate or cylindrical, (3,5—5,5) x (11,5—22) yw (Fig. 253) 
A fluffy sediment and a thick, somewhat wrinkled pellicle are formed. 





Fie. 253 — Tr. sericeum Fic. 254 — Tr. sericeum 
After 3 days in malt extract Slide culture, potato agar 


After one month at 17° C. the flask is filled with a thick, yellow mass. 
Streak culture on malt agar: After one month at 17° C. 
yellowish to cream-colored, soft, somewhat raised, shiny and slightly 


punctate. 
Slide cultures: Cells budding on a broad base at one or at 
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both poles. The buds grow in the same direction as the mother cell. In 

this way rows of parallel threads may develop. In the cells of these hyphae 

crosswalls arise which in the end split the hyphae into arthrospores. 

‘True mycelium may be strongly reduced (Fig. 254). Under anaerobic 

conditions (cover slip) abundant formation of true mycelium. 
Fermentation: Absent. 


Sugar assimilation: Glucose + Maltose — 
Galactose + Lactose — 
Saccharose — 


Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Moderate growth. 
Splitting of arbutin: Absent. 


e Origin of the strains studied 


2 strains were studied. 

One of them is the authentic strain obtained from Srautrz (Germany). It had 
been isolated from brown exudation of an oak in Ohlsdorf (Germany). 

The other strain was received in 1934 from Smrr (Amsterdam) and had been 
isolated from activated sludge which showed the condition known as “bulking”’, 
Smrr described it as Geotrichoides paludosus; according to him this organism is not 
responsible for the bulking of the sludge. 


The strain from Srautz has been maintained as the type strain of the 
species. 


6. TRICHOSPORON CAPITATUM DIDDENS ET LODDER 


6 Original description and historical survey 


This species was first described by DippENs and LoppER (1942). It is based on 
four strains. 

Since the original description is identical with the standard description, the 
former will be omitted. 


‘ 


y Standard description of Trichos poron capitatum 


Growth in malt extract: After 3 days at 25° C. most of the 
cells are cylindrical, some of them elongate; medium size (2,5—3,5) x 
(8,5—19,5) w (Fig. 255). A sediment, a ring and pellicle are formed. 

After one month at 17° C. a broad ring and a thick yellow sediment. 

Streak culture on malt a gar: After one month at 17° C. 
of variable appearance, viz. yellow, soft to tough, somewhat raised. shiny 
and reticular to granular, or white to cream-colored, soft, almost flat, 
dull and smooth. 
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Slide cultures: Many arthro- and blastospores. Laterally around 
the mycelium and at the end of branches clusters are formed, consisting 
in young cultures exclusively of blastospores, in older cultures of blasto- 
and arthrospores. Arthrospores also occur in chains. Blastospores are 
rarely formed singly on the mycelium (Fig. 256) 
Fermentation: Absent. 
Sugar assimilation: 


Glucose + Maltose — 

Galactose + Lactose — 
(very weak) 

Saccharose — 


Assimilation of potassi- 
um nitrate: Absent. 








Fic. 255 — Tr. capitatum Fic. 256 — Tr. capitatum 
After 3 days in malt extract Slide culture, potato agar 


Ethanol as sole source of carbon: No growth or very 
weak growth. . 
Splitting of arbutin: Absent. 
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e Origin of the strains studied 

5 strains were studied. 

Three of them were obtained from RENNERFELT (1937) from Sweden, in two 
cultures, labeled Geotrichoides species No. 104 and No. 118. The second culture 
consisted of two strains differing in appearance of the colonies on malt agar. 

Strain No. 104 had been isolated from a wood-pulp factory with a closed air 


circuit system. 
Strain No. 118 had been isolated from wood-pulp. 
The fourth strain was received in 1940 from StruyxK (Holland), and had been 


isolated from compressed yeast. 
A fifth strain was sent in 1946 by Ort (Holland), and had been isolated from 


sputum of a patient suffering from asthma. 


One of the strains is of human origin. 


The strain obtained from RENNERFELT as Geotrichoides species No. 104 
has been maintained as the type strain of the species. 


7. TRICHOSPORON FERMENTANS DIDDENS ET LODDER 


6 Original description and historical survey 


DIDDENS and LoppErR (1942) described this organism, which had been isolated 
by RENNERFELT from wood-pulp. 


Fic. 257 — Tr. fermentans 
After 3 days in malt extract 
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Since the original description is identical with the standard description, the former 
will be omitted. 


y Standard description of Trichosporon fermentans 


Growth in malt extract: After 3 days at 25° C. cells are 
cylindrical or elongate, (4—8) x (10—20) mw (Fig. 257). A sediment is 
formed. 

After one month at 17° C. a ring and a thick, slimy, brown sediment. 

Streak culture on malt agar: After one month at 17° C. 
dull, rather soft, white to cream-colored. The surface is smooth and hairy. 

Slide cultures: In the beginning abundant formation of blasto- 


Fia. 258 — Tr. fermentans 
Slide culture, potato agar 


spores only; later on chains of arthrospores appear. The blastospores are 
formed singly alongside the mycelium (blastoconidia), in short chains or 
in clusters at the end of long side cells (Fig. 258). Especially on potato 
agar the latter formation is typical. 
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Fermentation: Glucose + Maltose — 
Galactose + Lactose — 
Saccharose — 
Sugar assimilation: Glucose + Maltose — 
Galactose + Lactose — 
Saccharose — 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Growth. 
Splitting of arbutin: Absent. 


y Discussion 

As was pointed out by DrppEens and Lopper (1942) the close 
relationship of this species to Tr. capitatum is obvious. 

We still think it justified, however, to maintain 7'r. fermentans as a 
separate species. 


e Origin of the strains studied 


1 strain was studied. 
It was obtained in 1938 from RENNERFELT (Sweden) labeled No. 117 and isolated 
from wood-pulp. 


8. TRICHOSPORON BEHRENDII NOV. SPEC. 


y Standard description of Trichosporon behrendii 


Growth in malt extract: After 3 days at 25° C. cells are 
oval, (3—5,5) x (5—9,5) wu, some pseudomycelial cells are longer, single, 
in pairs or in chains (Fig. 259). A loose sediment, a ring and occasionally 
islets are formed. 

After one month at 17° C. a thick, yellow sediment and a broad ring 
are present. 

Streak culture on malt agar: After one month at 17° C. 
yellowish-white, tough, raised, wrinkled and hairy. 

Slide cultures: True mycelium with blastospores and arthro- 
spores is formed (Fig. 260). 


Fermentation: Glucose + Maltose + (weak) 
Galactose ++ Lactose — 
(very weak) 
Saccharose -- Raffinose + 1, 
Sugar assimilation: Glucose +- Maltose +- 
Galactose ++ Lactose — 


Saccharose +- 
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Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Growth. 
Splitting of arbutin: Positive. 


6 Discussion 


Two strains corresponding to this description were studied. They could 
not be identified with any other Trichosporon species. Accordingly they 








Fic. 259 — Tr. behrendii Fie. 260 — Tr. behrendii 
After 3 days in malt extract Slide culture, potato agar 


belong to a new species for which we propose the name T'richosporon 
behrendii in honor of Dr G. Brnrenp, the author of the genus 


Trichosporon. 
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e Origin of the strains studied 
2 strains were studied. 
One of them was obtained from VAN DER WeRFF (Amsterdam) in 1949. It had 


been isolated from sputum (v. D. WeRFF 1951). 
The second strain was isolated from “‘raji” in the “‘C.B.S.” at Delft (Holland) 


in 1949. 


One of the two strains is of human origin. 


The strain from sputum has been chosen as the type strain of this 
species. 


g. SUPPLEMENT 


DippEens and LoppsER (1942) gave a list of fourteen T'richosporon 
species mentioned in literature but not accepted in their system. A 
citation of this list follows: 


Trichosporon ovoides Behrend 1890 

Trichosporon ovale Unna 1896 a, b, ¢ 

Trichosporon beigelii (Kiichenmeister et Rabenh.1)) Vuill. 1902 
Trichosporon foxi Cast. 1908 (apud C. W. Dodge 1935) 
Trichosporon glycophile Dubois 1910 

Trichosporon hortai Brumpt 1913 

Trichosporon ovale Paoli 1913 

Trichosporon perieri (Matruchot et Antoine 2)) Ota 1928 
Trichosporon cerebriforme (Kambayashi ?)) Ota 1928 
Trichosporon granulosum (Kambayashi %)) Ota 1928 
Trichosporon equinum Fambach (apud C. W. Dodge 1935) 
Trichosporon brocqii (Beintema ‘4)) Nann. 1934 

Trichosporon uffreduzzii Cif. et Croveri (Ciferri, Croveri e Brunetto 1934) 
Trichosporon proteolyticum Negroni et de Villafafie Lastra 1939 


From a study of the literature and partly from a study of authentic 
cultures appeared that five of these species did not belong to the genus 
Trichosporon, viz. Tr. glycophile Dubois, Tr. hortai Brumpt, Tr. uffreduzzii 
Ciferri et Croveri, T'r. proteolyticum Negroni et de Villafafie Lastra and 
Tr. brocqii (Beintema) Nann. 

The description of five other species is so incomplete that it can apply 


*) Pleurococcus beigeli Kiichenm. et Rabenh. (Rabenhorst 1867), 

a) Oospora periert Matruchot et Antoine (Antoine 1918). 

*) Oospora cerebriformis Kambayashi (1923); Oospora granulosa Kambayashi 
(1923). ; 

*) Parendomyces brocqit Beintema (1930). 
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to any Trichosporon species. Consequently these names should be regarded 
as “nomina dubia”. They are: J'r. ovoides Behrend, Tr. ovale Unna, 
Tr. beigelii (Kiichenmeister et Rabenh.) Vuill., Zr. ovale Paoli and 
Tr. perieri (Matruchot et Antoine) Ota. 

The descriptions of four species, Tr. foxi Cast., Tr. equinum Fambach, 
Tr. cerebriforme (Kambayashi) Ota and 7'r. granulosum (Kambayashi) Ota 
were not accessible to the authors. 


To this list are now added the following species: 

Trichosporum condensatum Cochet 1940 

Trichosporon luchetti Redaelli et Ciferri 1941 

CocHET (1940) mentions in her study of Tr. condensatum the formation 
of mycelium and arthrospores but not of blastospores. Since we could 
confirm this on an authentic culture the organism does not belong to 
the genus T'richosporon. 

REDAELLI and CireRRI (1941) give the following description of 7'r. 
luchetti: 

On solid media: The colonies are white, dusty with raised centre, wrinkled; 
the edge is flat or lobate. 

In liquid media: Wrinkled pellicle. Much mycelium, hyalin, 1,5 —2,5 yw diam., 
septate, occasionally branched, the ends mostly bifurcate. Few blastospores in 
chains, (4—6,5) x (5—8,5) uw, poor budding; many blasto-arthrospores and arthro- 
spores in chains, 3,5 * (3,5—7) mw. 

Fermentation: No fermentation. 

Sugar assimilation: Glucose + Maltose + 

Galactose + Lactose + 
Saccharose + 

Assimilation of potassium nitrate: Positive. 

Ethanol as sole source of carbon: Growth. 

Liquefaction of gelatin: Absent. 

Since we were not able to study a strain of this organism we will 
maintain it provisionally in the genus T'richosporon. We want, however, 
to point out that this organism has many properties in common with 
Tr. pullulans. So it seems not excluded that the two are identical. 

Further we want to mention here the review of the genus T'’richosporon 
given by RepAxELii and Crrerri (1941). 

The authors recognize the following nine species: T'r. giganteum, Tr. 
proteolyticum, Tr. infestans, Tr. luchetti, Tr. balzeri, Tr. granulosum, Tr. 
beigelii, Tr. cutaneum, and Tr. uffreduzzii, and give a key to them. 

As was pointed out before, six of these species are discarded in our 
system. Only 7'r. infestans and T’r. cutaneum are maintained as species 
whereas T'r. luchetti may be identical with Tr. pullulans. 
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h, SUMMARY 


A diagnosis of the genus Trichosporon and a historical survey of the 


generic name have been given. 
The 56 strains studied were classified in eight species with one variety. 
Six of these species had already been included in the genus T'richosporon 
in “Die anaskosporogenen Hefen, II Halfte’, i.e. Tr. pullulans, Tr. 
cutaneum, Tr. margaritiferum, Tr. sericeum, Tr. capitatum and Tr. 


fermentans. 
The variety infestans of Tr. cutaneum, described there, was considered 


to be a separate species: 7'r. infestans. 
Tr. multisporum Cochet was brought as a variety multisporum to 


Tr. cutaneum. 

One new species was described, 7.e. T'r. behrendit. 

A key to the species has been given. 

Tr. cutaneum is the type species of the genus. 

A critical review of other T'richosporon species met with in literature 
has been given. 
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§4. SUBFAMILY RHODOTORULOIDEAE 


For the diagnosis of this subfamily ef. p. 69. 
A discussion of the only genus belonging to this subfamily follows. 


Genus 1. RHODOTORULA Harrison 


a. DIAGNOSIS OF THE GENUS 


Cells round, oval or elongate. Reproduction by multilateral budding. 
Occasionally a more or less primitive pseudomycelium. 

Distinct red or yellow pigments produced. 

No fermentation. 


b. THE TYPE SPECIES OF THE GENUS 


Rhodotorula glutinis (Fres.) Harrison has been designated by Harrison 
(1928) to be the type species. 


c. HISTORICAL SURVEY OF THE GENERIC NAME 


HARRISON (1928) created the genera Rhodotorula and Chromotorula for 
the asporogenous, pigment-forming yeasts; the former for the red yeasts, 
the latter for those other than red, i.e. yellow, brown or black yeasts. 

LopDER (1934) pointed to the fact that it is hardly possible to make 
a separation between red, yellow red, orange and yellow colored yeasts. 
Moreover, the black yeasts placed in Chromotorula deviate markedly in 
morphological aspects from the other forms assigned to the group. She, 
therefore, brought all the asporogenous yeasts with carotenoid pigments 
into the genus Rhodotorula and rejected the genus Chromotorula. 


d. SURVEY OF THE SPECIES ACCEPTED IN THE GENUS 
The genus Rhodotorula includes seven species and one variety which 
follow in chronological sequence: 





1. Rhodotorula glutinis (Fres.) Harrison 1852 

Rhodotorula glutinis (Fres.) Harrison var. rubescens (Saito) » 
Lodder 1934 

Rhodotorula rubra (Demme) Lodder 1889 

Rhodotorula mucilaginosa (J6rg.) Harrison 1909 

Rhodotorula aurantiaca (Saito) Lodder 1922 


Co bo 


~ 
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5. Rhodotorula flava (Saito) Lodder 1922 v 
6. Rhodotorula minuta (Saito) Harrison 1922' 
7. Rhodotorula pallida Lodder 1934. 


e. KEY TO THE SPECIES OF THE GENUS RHODOTORULA 


la 


b 
2a 


3a 


4a 


Nitrate utilized 
Nitrate not utilized 


Cells round to oval 
Bh.-glutinsd ..< -<.5 in hm A& oes oe ee eee 
Rh. glutinis var. rubescens 

Cells long-oval to elongate 
Rhedurantiacd. 13... =x 4 ashe) eee ee 


Glucose and galactose assimilated 
ER OU AG A 2a eo ah ae pues 
Glucose, galactose and saccharose assimilated 
Rh manta: . 8s i Ge 54). GOs eee ee ee 
Glucose, galactose, saccharose and maltose assimilated 
Glucose, galactose, saccharose, maltose and_ lactose 
assimilated 


p. 664 


Bhs flava. a es PR tae ee 
Cells long-oval 
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Cells round to oval 

Eh. mucilaginosa . .......... p. 656 


f. SYSTEMATIC DISCUSSION OF THE VARIOUS SPECIES 


1. RHODOTORULA GLUTINIS (FRES.) HARRISON 


One variety belongs to this species: 


Rhodotorula glutinis (Fres.) Harrison var. rubescens (Saito) Lodder. 


a Synonyms of the species 


(4) 


Since the initial descriptions of species belonging to the genus Rhodotorula are 
often very incomplete, especially with regard to physiological properties, it is rather 
difficult to give a list of synonyms with some guarantee that they really are 
Synonyms of the species in question. 

We, therefore, have limited consideration of Synonymy to the authentic strains 
we have studied and for which the observed characteristics appeared to be in good 
agreement with their original descriptions. 
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So we found for Rhodotorula glutinis the following synonyms: 

Cryptococcus glutinis Fresenius (1852) 

Saccharomyces glutinis (Fres.) Cohn (Cohn und Schroeter 1875) 

Torula glutinis (Fres.) Pringsheim et Bilewsky (1911) 

Torulopsis glutinis (Fres.) C. W. Dodge (1935) 

Torulopsis bronchialis Ciferri et Redaelli (1925) 

Cryptococcus bronchialis (Cif. et Red.) Nann. (1934) 

Rhodotorula bronchialis (Cif. et Red.) Lodder (1934) 

Torula suganii Okunuki (1931) 

Rhodotorula suganii (Okunuki) Lodder (1934) 

Torula infirmo-miniata Okunuki (1931) 

Rhodotorula glutinis (Fres.) Harrison var. infirmo-miniata (Okunuki) 
Lodder (1934) 

Rhodotorula gracilis Rennerfelt (1937) 


aa Synonyms of the variety 


Torula rubescens Saito (1922) 
Mycotorula rubescens (Saito) Cif. et Red. (1925) 
Rhodotorula rubescens (Saito) Harrison (1928) 
Torula rufula Saito (1922) 
Torulopsis rufula (Saito) Cif. et Red. (1925) 
Rhodotorula rufula (Saito) Harrison (1928) 
Rhodotorula glutinis (Fres.) Harrison var. rufula (Saito) Lodder (1934) 
Torulopsis saitot Ciferri et Redaelli (1925) 
Rhodotorula glutinis (Fres.) Harrison var. saitoi (Cif. et Red.) Lodder (1934) 
Rhodotorula rubella Harrison (1928) 
Rhodotorula glutinis (Fres.) Harrison var. lusitanica Marcilla, Feduchy 
et Gomes (1945) 


6 Original description and historical survey of the species 


FRESENIUS (1852) isolated Cryptococcus glutinis from old starch paste. Later 
several authors: Conn (COHN und ScHROETER 1875), SARTORY (1907), PRINGSHEIM 
and Brtewsky (1911) isolated red yeasts which they named Saccharomyces, 
Cryptococcus or Torula glutinis. 

HANSEN (1879), CrrerrRI and REDAELLI (1925) and Harrison (1928) pointed 
to the fact that widely divergent red yeasts were described with this name. 

Harrison, therefore, proposed to accept the yeast isolated by PrrncsHErIm and 
Brtewsky from the air and described by them as Torula glutinis as the authentic 
strain of the species Rhodotorula glutinis. 

PrrxcsHem and Birewsky described this strain as follows: 

Growth in liquid media: Cells are spherical to ovoid, (4—5) (G6) Fs 
single or in small chains. Under special conditions giant cells appear, 10—25 wu. 
A thin pellicle and a sediment are formed. 

Fermentation: No fermentation. 

Appearance of the culture: Pink to coral red. ; 

Harrison (1928), who studied the same strain, refers mainly to its morphological 


characteristics. He classified it as Rhodotorula glutinis. 
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LoppER (1934), who also studied the same strain, gave the following description: 
In young malt extract cultures: Cells are oval, (3—4,5) x (5—7) uy. 
A sediment, a ring and in old cultures some islets are formed. 
Streak culture on malt agar: Red with an orange tinge, soft, glistening, 
smooth and mucous. 
Fermentation: No fermentation. : 
Sugar assimilation: Glucose + Maltose + 
Galactose + (weak) Lactose — 
Saccharose + 
Assimilation of potassium nitrate: Positive. 
Ethanol as sole source of carbon: Rather good growth. 
She further included in this species four varieties: 
var. rubescens with round to short-oval cells and a more orange colored streak 
culture ; 
var. saitot with almost round cells; 
var. rufula with a pale orange-red streak culture; 
var. infirmo-miniata with a pale orange colored streak culture and no assimilation 
of galactose. 


The synonyms of Rhodotorula glutinis will be shortly reviewed. 

Torulopsis bronchialis was isolated by CireERRI and REDAELLI (1925) from 
sputum in a case of bronchopneumonia. 

NANNIZZI (1934) brought it into the genus Cryptococcus. 

According to LoppER (1934) who classified it as Rh. bronchialis it mainly differs 
from Rh. glutinis in the streak culture, which is not mucous and has an intensive 
orange color. MACKINNON and ARTAGAVEYTIA—ALLENDE (1944) identified it with 
Rh. glutinis. 

Torula suganii was isolated from the air in Tokyo and described by OKUNUKI 
(1931). According to LoppxErR it mainly differs from Rh. glutinis in that the cells 
are much larger, She, therefore, classified it as a separate species. 

OKUNUKI (1931) isolated Torula infirmo-miniata from the air in Tokyo. LODDER 
brought it as a variety to Rh. glutinis owing to the great resemblance to this species. 

FRhodotorula gracilis was isolated by RENNERFELT (1937) from wood-pulp. He 
described it as a new species because he observed a weak assimilation of lactose. 


bp (Original description and historical survey of the variety 


de ' 
Torula rubescens was isolated by Sarro (1922) from the air. He gave the following 
description: x 


Growth in koji extract: Cells round-oval to long-oval, (3,5—5) x (4—7) pm, 
rarely hyphae. In old cultures many hyphae. Islets. 

Growth on koji extract agar: Colonies round, wrinkled, deep red. 

Fermentation: No fermentation. 


Sugar assimilation: Glucose + Maltose + 
Saccharose + Lactose — 


‘Assimilation of potassium nitrate: Positive, 
Although LopprEr (1934) did not observe hyphae in the original strain but only 
round to short-oval célls she considered it as identical with the species described 
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by Sarro. She classified it as Rhodotorula glutinis var. rubescens, because it merely 
differed in the shape of the cells and in the color of the streak culture from 
Rh. glutinis. 


The synonyms of the variety will be discussed: 

Torula rufula also was isolated by Sarro (1922) from the air. His description of 
this yeast much resembles that of Torula rubescens. The cells are oval to ellipsoidal, 
(3—4,5) x (4,5—7,5) w, but the color is pale red. Because of this difference in color 
LopDER (1934) classified it as Rhodotorula glutinis var. rufula. 

Torulopsis saitoi is the name CireRRI and REDAELLI (1925) gave to a red yeast 
isolated by Sarro (1922) from the air and described by him as Torula rubra Schimon. 
The characteristics of this strain, however, did not correspond with the description 
given by Scurmon (1911) of Torula rubra. 

HARRISON (1928) also noticed this disagreement. He named it Rhodotorula rubella. 
LopDER (1934) brought this yeast as a variety saitoi to Rhodotorula glutinis, because 
it only differs from this species in showing round to short-oval cells. 

Marcritta, FeEpucHy and Gomes (1945) created the variety lusitanica of Rh. 
glutinis, because the strain they studied formed mycelium-like cells, especially in 
the pellicle on malt extract. 


y Standard description of Rhodotorula glutinis 


Growth in malt extract: After 3 days at 25° C. cells are 
oval, (3—5,5) x (5—9) uw, single, in pairs or in short chains (Fig. 261). 


After one month at 17° C. a sediment, a 
ring and occasionally some islets are formed. 






days at 25° C. cells are oval, (2,5—5,5) x 
(5—10) mw, single, in pairs or in short chains. 
The streak culture after one month at 
17° C. is smooth, or partly wrinkled, shiny, 
sometimes somewhat mucous; the color is 
red to orange red. Variations in appearance . 
within the strains occasionally occur, , 
Slide cultures: A primitive pseudo- 
mycelium consisting of tree-like formations 
is occasionally formed. 
Fermentation: Absent. 
Sugar assimilation: Glucose + Maltose + 
Galactose ++ Lactose — 
Saccharose ++ 
Assimilation of potassium nitrate: Positive. 
Ethanol as sole source of carbon: Growth. 





Growth on malt agar: After 3 
RS 





Fie. 261 — Rh. glutinis 
After 3 days in malt extract 
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Splitting of arbutin: Positive. 

%, 

yy Supplementary description of Rhodotorula glutinis var. 
rubescens 


Growth in malt extract: After 3 days at 25° C. cells are 
round to short-oval, (2,5—5) x (4,5—7) mw, single or in pairs (Fig. 262). 

After one month at 17° C. a sediment 
and a ring are formed. 

Growth on malt agar: After 3 
days at 25° C. cells are round to short- 
oval, (2,5—5) x (4—7) mw, single or in 
pairs. 

The streak culture after one month at 
17° C.is smooth, shiny, somewhat mucous; 
the color is red to orange. 

Slide cultures: Mostly no pseudo- Fie. 262 — Rh. glutinis 
mycelium. Rarely tree-like formations or noe owen een 
mycelium-like cells may occur. 

Ethanol as sole source of carbon: Growth may or may 
not occur. 

Splitting of arbutin: Variable. 





6 Discussion 


All the strains which assimilate potassium nitrate and glucose, galactose, 
saccharose, maltose, but not lactose, and which have round to oval cells, 
are gathered in this species. 

According to the shape of the cells a subdivision is made. The species 
contains those strains which have oval cells in young malt extract 
cultures, measuring (3—5,5) «x (5—9) TP 

In the variety rubescens the strains with round or short-oval cells, 
(2,5—5) x (4,5—7) mw are included. 

The species Rh. bronchialis, Rh. suganwi and Rh. gracilis and the variety 
Rh. glutinis var. infirmo-miniata could be identified with Rh. glutinis. 

RENNERFELT (1937) observed a weak assimilation of lactose in Rh. 
gracilis, but neither with the auxanographic method nor with the method 
in liquid media could we confirm this result for two authentic strains. 





1 > ss oe : . 
) In contrast to all other Rhodotorula’ strains studied one of the strains 


(Rh. glutinis var. infirmo-m iniata) formed under appropriate conditions a starch-like 
compound. 
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Lunprn (Nitisson, EneBo, Lunprn and Myrpack 1943; Lunprn 1950) 
used an authentic strain for the study of the production of fat. He also 
found that lactose could not be assimilated. 


With Rh. glutinis var. rubescens the greater part of the strains belonging 


to the varieties saitoi, rubescens and rufula and the variety lusitanica 
could be identified. 


The formation of mycelial cells which should be characteristic of the 
last mentioned variety was often observed by us in various other strains 
of the species. This variety, therefore, could not be maintained. 


e Origin of the strains belonging to the species 


7 strains were studied. 

One of them is the original strain isolated by PrrycsHErm from the air and sent 
about 1912 to the “C.B.S.” by PrincsHErim (Berlin). 

The authentic strain of 7. bronchialis Cif. et Red. was sent in 1926 by CrrerRRtI 
(Italy). It had been isolated from a case of bronchopneumonia. 

The original strains of Torula suganii and Torula infirmo-miniata, isolated by 
OKUNUKI from the air at Tokyo, were received in 1932 from OKUNUKI. 

Two strains of Rhodotorula gracilis Rennerfelt were received in 1937 from 
RENNERFELT (Sweden); they had been isolated from wood-pulp. 

A strain isolated by Starkey and HeEwnricr (1927) from the soil in Minnesota 
(U.S.A.), and provisionally named Torula glutinis, was wrongly designated by 
CIFERRI (1934) as Torulopsis minuta var. americana. LODDER (1934) classified it as 
Rh, glutinis var. rubescens. In our classification it belongs to Rh. glutinis. This strain 
was received in 1929 from CIFERRI (Italy). 


Only one of these strains is of human origin. 


The strain of PrincsHEIM has been maintained as the type strain of 
the species. 


ee Origin of the strains belonging to the variety 


8 strains were studied. 

Authentic strains of Torula rubescens Saito and of Torula rufula Saito, isolated 
from the air at Tokyo by Sarro, were sent to the “C.B.S.” in 1923. 

An authentic strain of Torulopsis saitoi Cif. et Red., mislabeled Torula rubra 
Schimon, was received from Sarro (Japan) in 1923. It also had been isolated from 
the air at Tokyo. : 

A second strain, mislabeled Torula rubra Schimon, was received from WILL 
(Germany) in 1912. It probably had been isolated from the water reservoir of a 
brewery. 

From Verona (Italy) a strain was received in 1935, mislabeled Torulopsis 
terrestris (VERONA 1935). 

From the “A.T.C.C.” astrain of Mycotorula roseo-corallina Scaramella was received 
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in 1939. Its characteristics did not agree with the description given by SCARAMELLA 
(1928). 
A strain labeled Torula rubescens was obtained from the “‘Wiss. Station f.Brauerei’’, 
Munich (Germany) in 1935. It was probably one of the strains Fink and ZENGER 
(1934) used for their study on pigments in red yeasts. 
For the strain labeled Rh. glutinis var. lusitanica, received in 1946 from MARCILLA 
(Spain), the origin was not mentioned. 


The strain labeled Torula rubescens received from Sarto has been 
chosen as the type strain of this variety. 


2. RHODOTORULA RUBRA (DEMME) LODDER 


a Synonyms 


Saccharomyces ruber Demme (1889) 

Cryptococcus ruber (Demme) Vuillemin (1901) 

Torulopsis rubra (Demme) de Almeida (1933) 

Cryptococcus mena Fontoynont et Boucher (1923) 

Torulopsis mena (Fontoynont et Boucher) C. W. Dodge (1935) 
Cryptococcus corallinus A. et R. Sartory, Hufschmitt et Meyer (1930) 
Rhodotorula mucilaginosa (Jérg.) Harrison var. plicata Lodder (1934) 
Rhodotorula rubra (Demme) Lodder var. longa Lodder (1934) 
Rhodotorula rubra (Demme) Lodder var. curvata Lodder (1934) 

? Mycotorula germanica nom. nud. 


6 Original description and historical survey 


DEMME (1889, 1890, 1897) isolated this species from milk and cheese, and from 
feces of children who had drunk milk contaminated with the organism. He gave 
the following description: 

Growth in broth: A gradually increasing red sediment is formed. 

Growth in broth peptone gelatin: Cells are spherical, oval, or long-oval. 
The round cells have a diameter of 4,5 —5,5 f, some of them 3,8 or 6,8 yw, single, 
in pairs, or in short chains. 

Fermentation: No fermentation. 

VUILLEMIN (1901) placed the organism in the genus Cryptococcus. LODDER (1934) 
brought it into to the genus Rhodotorula. She described it as follows: 

In young malt extract cultures: Cells are long-oval, (2—3,5) x (5,5—8,5) mu. 
In older cultures stalagmoid cells occur. A sediment and a ring and, after some 
time, a pellicle are formed. 

Streak culture on malt agar: Red with an orange tinge, soft, glistening, 
smooth, mucous. 

Fermentation: No fermentation. 

Sugar assimilation: Glucose + Maltose + 

Galactose + Lactose —- 
Saccharose +- 
Assimilation of potassium nitrate: Absent. 
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Ethanol as sole source of carbon: Good growth. 

LopDER included in this species two varieties: var. longa with somewhat longer 
cells and var. curvata also with somewhat longer cells, which are not stalagmoid 
but often curved. 


The other synonyms of Rhodotorula rubra will now be discussed. 

Cryptococcus mena’) was isolated from various ulcerous lesions and described 
by Fontoynont and Boucuer (1923) as follows: 

In young cultures cells are ellipsoidal; the cell membrane has a double contour. 
The mean diameter of the cells is about 4,5 uw. The cells are single, in pairs or in 
little groups. After one month the cells have a roundish shape. They may contain 
many vacuoles. 

In glucose broth a pink sediment is formed and after 9 days’ cultivation 
a thin ring. 

On glucose agar growth is moist, first pink but later on darker. 

The optimum temperature lies between 18° C. and 28° C. At 37° C. there is still 
growth, but less pigment is formed. 

According to the authors this yeast should be related to Cr. ruber. 

DopceE (1935) classified it as Torulopsis mena. 

A. and R. Sarrory, Hurscumirr and Meyer described in 1930 an organism 
isolated from a case of human hair disease; they named this new species Cryptococcus 
corallinus. LODDER (1934) considered it a variety of Rh. mucilaginosa and gave it 
the name var. plicata instead of corallina, to avoid a confusion with Torula 
corallina Saito. 

Since no description of Mycotorula germanica could be traced, this name is 
considered a “nomen nudum’’. 


y Standard description of Rhodotorula rubra 


Growth in malt extract: After 3 days at 25° C. cells are 
long-oval, (2—4) x (6—11) yw, single or in pairs (Fig. 263). 
é After one month at 17° C. a sediment 
/ and a ring are formed. 
j Nas Growth on malt agar: After 3 
: A) days at 25° C. cells are long-oval, (2—4) x | 
(6—12) mw, single or in pairs. 
Pe bf Oe The streak culture after one month at 
a) Pe 17° C. is smooth and shiny or, partially to 
a, 0 wholly, rugose and dull, often mucous; the 
color is red to orange red. 
Slide culture: A more or less 
primitive pseudomycelium is formed. Oc- 
casionally there are some elongate cells. 









Fic. 263 — Rh. rubra 
After 3 days in malt extract 


1) Mena means red in the language of Madagascar. 
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Fermentation: Absent. 
Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Growth. 
Splitting of arbutin: Positive. 


6 Discussion 


The two varieties of Rhodotorula rubra namely longa and curvata 
described by LoppER were based on the somewhat greater length and 
slightly different shape of the cells. 

We consider these divergences too small to separate the strains as 
varieties from the species. 

The strain labeled Rh. mucilaginosa var. plicata developed, in contra- 
distinction to Loppsr’s description, elongate cells in young cultures. 
It could be identified with Rh. rubra. 


e Origin of the strains studied 


10 strains were studied. 

One strain labeled Sacch. ruber was obtained from Potuacct (Italy) in 1933. 

The strain Rh. rubra var. longa was obtained in 1930 from the “Lab. de Parasi- 
tologie” at Paris, mislabeled Cr. ludwigi Anderson. 

The strain Rh. rubra var. curvata was received from Sarro (Tokyo) in 1923, 
labeled Torula corallina. The properties of this strain, however, did not agree with 
the description given by Sarro (1922). 

A strain obtained in 1926 as Blastodendrion aereum Cif. et Red. (1925) from 
CrreERRI (Italy) was classified by LoppER (1934) as Rh. glutinis. Our recent investi- 
gation, however, showed an important difference (no assimilation of nitrate) from 
LODDER’s description. 

A strain originally named Cryptococcus corallinus and renamed Rh. mucilaginosa 
var. plicata by LODDER was isolated by Sarrory et al. (1930) from the hair of a 
patient suffering from a trichophytosis-like disease. 

Another isolation from human hair was made at Delft (Holland). 

One strain obtained from CrrERRI came from Rio Moca water . 

TaMMEs isolated a strain from the air in Menado. 

Of the two remaining strains Mycotorula germanica was obtained in 1935 from 
REDAELLI, and Cryptococcus mena in 1947 from NEGRONI, who received it from 
the “Lab. de Parasitologie” at Paris. 


As far as known three of these strains are of human origin. 


The first mentioned strain, obtained from Potuacct, has been chosen 
as the type strain of this species. 
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3. RHODOTORULA MUCILAGINOSA (JORG.) HARRISON 
a Synonyms 


Torula mucilaginosa Jérgensen (1909) 

Torulopsis mucilaginosa (Jérgensen) Ciferri et Redaelli (1925) 

Torula sanguinea Schimon (1911) 

Torulopsis sanguinea (Schimon) Ciferri et Redaelli (1925) 

Rhodotorula sanguinea (Schimon) Harrison (1928) 

Rhodotorula mucilaginosa (Jérg.) Harrison var. sanguinea (Schimon) Lodder (1934) 

Cryptococcus ludwigi Anderson (1918) 

Blastodendrion carbonei Ciferri et Redaelli (1925) 

Rhodotorula mucilaginosa (Jérg.) Harrison var. carbonei Lodder (1934) 

Eutorulopsis dubia Ciferri et Redaelli (1925) 

Mycotorula pulmonalis Ciferri et Redaelli (1925) 

Geotrichum pulmonale (Ciferri et Redaelli) C. W. Dodge (1935) 

Torulopsis sanniei Ciferri et Redaelli (1925) 

Cryptococcus sanniei (Ciferri et Redaelli) Nannizzi (1934) 

Rhodotorula sanniei (Ciferri et Redaelli) Lodder (1934) 

Torulopsis biourgei Ciferri et Redaelli (1925) 

Blastodendrion simplex Ciferri et Redaelli (1925) 

Cryptococcus rubrorugosus Castellani (1927) 

Cryptococcus pararoseus Castellani (1927) 

Rhodotorula mucilaginosa (Jérg.) Harrison var. pararosea (Castellani) 
Lodder (1934) 

Torula aclotiana nom. nud. 

Rhodotorula aclotiana Harrison (1928) 

Torulopsis nitritophila Ciferri et Ashford (Ashford and Ciferri 1930) 

Cryptococcus radiatus A. et R. Sartory et Meyer (1931) 

Torula decolans Okunuki (1931) 

Torulopsis mannitica Castelli (1932) 

Torulopsis aurantia Zach (Wolfram und Zach 1934) 

Mycotorula cisnerosi nom. nud. 


6 Original description and historical survey 


JORGENSEN isolated this organism, which he named Torula mucilaginosa, in his 
laboratory in Copenhagen. In 1909 he gave the following description : 

Growth in malt extract: Cells are oval, 2 x (5—5,6) mw; the liquid grows 
turbid; at the same time a mucous ring and a very thin sediment are formed. The 
ring becomes thicker and grows to the middle of the bottle, filling it with a pinkish, 
mucous mass. A sediment is formed by dropping of parts of the ring. On shaking 
the liquid is ropy. 

Fermentation: No fermentation. 


Saccharose is inverted. . 
Crrerri and REDAELLI (1925) changed the name of the organism into Torulopsis 


mucilayinosa. HARRISON (1928) brought it into the genus Rhodotorula. 
LoppER, who studied a strain of Rh. mucilaginosa obtained from the “‘N.C.T.C.”’, 
gave in 1934 the following description : 
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In young malt extract cultures: Cells are oval, (2,46—4) «x (4—5,5) yw. 
A sediment, a ring and after some time a pellicle are formed. 
“Streak culture on malt agar: Red, soft, glistening, smooth, mucous. 


Fermentation: No fermentation. 
Sugar assimilation: Glucose + Maltose + 

Galactose + (weak) Lactose — 

Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Moderate growth. 
She included four varieties, showing the following characteristics, in this species: 
var. sanguinea: the cells are somewhat bigger, the color of the streak culture paler; 
var. carbonei: the cells are more round, the color of the streak culture paler; 
var. pararosea: some cells in older cultures are sausage-shaped, the streak culture 

is wrinkled; 

var. plicata: some cells in older cultures are elongate, the streak culture is wrinkled. 


As appears from the list of synonyms many strains were described as separate 
species. LoppEeR (1934) has recognized for most of these strains their identity 
either with Rh. mucilaginosa or with one of the varieties of this species created by 
her. We, therefore, will discuss here only those strains whose names were newly 


added to the list of synonyms. 
ANDERSON isolated an organism from the air which he described in 1918 and 


named Cryptococcus ludwigi. 

CrirERRI and REDAELLI created in 1925 the species Torulopsis sanniei for a strain 
isolated from a case of lung tuberculosis. NANNIzzI (1934) included it in the genus 
Cryptococcus. LODDER (1934) brought it into the genus Rhodotorula. 

WOLFRAM and Zacu described in 1934 a yeast isolated from a nail disease, and 
named it Torulopsis aurantia. 


y Standard description of Rhodotorula mucilaginosa 


Growth in malt extract: After 3 days at 25° C. cells are 
short-oval or oval, (2,5—5) x (4—7) mw, single or in pairs (Fig. 264). 
After one month at 17° C. a sediment 
and a ring are formed. Q% ae 
Growth on malt agar: After OP Ss 
3 days at 25° C. cells are short-oval or . 
oval, (2,5—4,5) x (3—8) uw, single or in O° 


pairs. 

The streak culture after one month at 
17° C. is flat, mostly shiny, smooth, and OO G&G 
mucous; some strains are not mucous; 
they may be glistening or dull. The color 
is red. 

Slide cultures: Generally no pseudomycelium; occasionally a 
primitive development occurs. 


Fic. 264 — Rh. mucilaginosa 
After 3 days in malt extract 
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Fermentation: Absent. 

Sugar assimilation: Glucose + Maltose +- 
Galactose + (weak) Lactose — 
Saccharose ++ 

Assimilation of potassium nitrate: Absent. 

Ethanol as sole source of carbon: Growth may or 

may not occur. 
Splitting of arbutin: Positive. 


6 Discussion 


LODDER (1934) based the varieties of the species on differences in streak 
culture and in shape and size of the cells. The former characteristic is of 
minor importance owing to its variability. 

The deviations in cell shape and cell size between this species and the 
varieties are very small and many transitions occur. This induced us to 
reject the varieties sanguinea, carbonei and pararosea. 

The cells of these varieties in young cultures are always round to oval; 
in older cultures they may become longer. The cells of the variety plicata, 
on the contrary, are elongate im young cultures. For that reason it is 
identical with Rh. rubra. 

The same remarks on the shape and size of the cells hold true for the 
identification of the former species Rh. sanniet with Rh. mucilaginosa. 

The strains of the species Cryptococcus ludwigi Anderson (1918) obtained 
from the “A.T.C.C.” and Torulopsis aurantia Zach (WoLFRAM und ZACH 
1934) obtained from Zacu agreed very well with the descriptions given 
and both could be identified with Rh. mucilaginosa. 


e Origin of the strains studied 


32 strains were studied. 

Three of these strains had already been classified as Rh. mucilaginosa in “Die 
anaskosporogenen Hefen, I Halfte’’. 

One was received in 1934 from the ‘“‘N.C.T.C.”? (London); it originated in 1912 
from BieRBERG (Germany). 

A second came in 1924 from the Carlsberg Laboratory at Copenhagen; it had 
been isolated by KurreraTH from water at Nivelles in Belgium (Torula aclotiana). 

The third was received in 1929 from CrrERRI (Italy); it had been isolated from 
the human skin (Cryptococcus rubrorugosus Cast.). 

Five strains had been classified in ‘““Die anaskosporogenen Hefen, I Halfte”’ as 


Rh. mucilaginosa var. sanguinea. 
One came in 1912 from Wit (1912) and had been isolated from pasteurized 


beer in Bremen (Torula sanguinea Schimon). 
The four other strains were obtained from CrFERRI in 1926. CrreRRI and 
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REDAELLI had classified them as Torulopsis biourgei, Eutorulopsis dubia, Blasto- 
dendrion simplex and Mycotorula pulmonalis. This last strain had been isolated 
from sputum of a patient suffering from a lung abcess. No data could be traced 
relating to the material from which the others were isolated. 

Six other strains had been classified by LoppER (1934) as Rh. mucilaginosa var. 
carbonet. ; 

Two were received from CIFERRI; one in 1926 (Blastodendrion carbonei Cif. et 
Red.) and one in 1929 labeled Torulopsis nitritophila Cif. et Ashf. This strain had 
been isolated from human feces. 

A third strain was received from OkuNUKI (Japan) labeled Torula decolans. He 
had isolated it from the air in Tokyo. 

A fourth strain was probably isolated from the air in Italy. It came in 1934 
from CASTELLI who described it as Torulopsis mannitica. Another strain labeled 
T. mannitica was received in 1933 from MonTEMARTINI (Italy). 

The sixth strain was received in 1931 from Sartory as Cryptococcus radiatus. 
Sartory et al. (1931) isolated it from human hair. 

The strain labeled Cryptococcus pararoseus, obtained from CrFrERRI, for which 
LoppeER created the variety pararosea has not been maintained in the collection 
of the ‘“‘C.B.S.”. Instead an authentic strain of Cr. pararoseus was studied. It was 
received in 1935 from CAsTELLANI (London) who isolated it in the tropics from 
a case of chronical bronchitis. 

A strain classified in ‘“‘Die anaskosporogenen Hefen, I Halfte’? as Rhodotorula 
sanniet was received in 1926 from CrrEeRRI, labeled Torulopsis sanniei Cif. et Red. 
It had been isolated from a case of lung tuberculosis. 

Of the other strains not discussed in ‘“‘Die anaskosporégenen Hefen, I Halfte”’ 
one labeled Cryptococcus ludwigi was obtained from the ‘‘A.T.C.C.”’ in 1936. 

A strain labeled Mycotorula cisnerosi was received in 1935 from REDAELLI (Italy). 

ZAacH sent a strain described by Wourram and Zacu as Torulopsis aurantia. 
It had been isolated from diseased nails. 

From CASTELLI a strain labeled Torulopsis sanguinea was received in 1934. 

The remaining 12 strains were not labeled. 

Four of these strains were received from CIFERRI in 1929; one had been isolated 
from the air at Bonao, one from human feces, one from an infection in a Petri 
dish and one came from REDAELLI’s collection. a» 

Another strain was received from Fromacrot (France) and had been isolated 
from jam. It had been identified in the ‘‘C.B.S.” as Rh. sanniei. FRoMAGEOT and 
ToHanG (1938) used this strain in their study on the chemistry of carotenoid 
pigments. 

Other strains had been isolated in Holland from bile and from wound secretions; 
one from a starter for butter making. 

For the remaining strains no data are available about the material from which 
they had been isolated. 


As far as is known ten of these 32 strains are of human origin. 


The strain received from the ‘“N.C.T.C.”, which originally came from 
BreRBERG, has been chosen as the type strain of the species. 
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4. RHODOTORULA AURANTIACA (SAITO) LODDER 
a Synonyms 


Torula. aurantiaca Saito (1922) 

Torulopsis aurantiaca (Saito) Cif. et Red. (1925) 
Chromotorula aurantiaca (Saito) Harrison (1928) 
Torula miniata Okunuki (1931) 

Mycotorula colostri Castelli (1932) 

Rhodotorula colostri (Castelli) Lodder (1934) 
Rhodotorula longissima Lodder (1934) 


P Original description and historical survey 


Sarto (1922) isolated this yeast from the air and gave the following description: 

Growth in koji extract: Young cells are ellipsoidal to sausage-shaped, 
(3—4) x (5—9) yw. No pellicle, only a ring is formed. 

Growth on koji agar: Colonies round, orange red. 

Fermentation: No fermentation. 

Sugar assimilation: Glucose + (weak) Maltose + (weak) 

Saccharose + (weak) Lactose — 

Assimilation of potassium nitrate: Positive. 

CIFERRI and REDAELLI (1925) brought this organism into the genus Torulopsis, 
HARRISON (1928) into the genus Chromotorula, LoppER (1934) into the genus 
Rhodotorula, 


We will shortly discuss the other synonyms of Rh. aurantiaca, 

Torula miniata was isolated by OkuNUKI (1931) from the air. LoppER (1934) 
who studied an authentic strain considered it identical with Rhodotorula glutinis. 

Mycotorula colostri was isolated by CasTELLI (1932) from human colostrum. 
LoppDER (1934) brought this species into the genus Rhodotorula. Because of its large 
cells and its hardly mucous, wrinkled streak culture on malt agar she maintained 
it as a separate species. 

Rhodotorula longissima is the name given by LoppER (1934) to an organism 
which was sent by OkuNUKI labeled Torula koishikawensis. The description of this 
species given by OKUNUKI (1931), however, did not agree with the characteristics 
found for this strain. Because of its long-oval cells Lodder named it Rhodotorula 
longissima. 


y Standard description of Rhodotorula aurantiaca 


Growth in malt extract: After 3 days at 25° C. cells are 
5) X (7,5—16) mw, single, in pairs, or in short 





long-oval to elongate, (3 
chains (Fig. 265). 
After one month at 17° C. a sediment and a ring are formed. 
Growth on malt agar: After 3 days at 25° C. cells are long- 
oval to elongate, (3—4) x (9—18) , single, in pairs, or in short chains. 
The streak culture after one month at 17° C. is smooth, or partly or 
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wholly wrinkled, occasionally mucous, shiny; the color is red to orange red. 


Slide cultures: A primitive pseudomycelium consisting of tree- 
like formations is occasionally formed. 





Fic. 265 — Rh. aurantiaca 
After 3 days in malt extract 


Fermentation: Absent. 

Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose — 
Saccharose + 

Assimilation of potassium nitrate: Positive. 

Ethanol as sole source of carbon: Growth may or may 

not occur. 
Splitting of arbutin: Variable. 


6 Discussion 


This species includes the strains which assimilate nitrate, glucose, 
galactose, saccharose and maltose, but not lactose, and which have 
long-oval to elongate cells. 

The former species Rh. colostri and Rh. longissima could be identified 
with Rh. aurantiaca. The name, however, is not appropriate for all the 
strains as the color of the streak cultures may show divergences. 

The cells of the strains of Rh. colostri were found to be longer than 
reported by CasTELui (1932) and LoppER (1934). This may be due to 
the fact that the yeast grows better at 17° C. than at 25° C. and previous 
experiments were performed at the latter temperature. 


Rhodotorula flava 


Cu. VII, § 4] SUBFAMILY RHODOTORULOIDEAE 661 


The cells of the strain Torula miniata Okunuki were also longer than 
recorded by OKUNUKI in 1931 and Loppzr in 1934, so we had to transfer 
this strain from the species Rh. glutinis to the species Rh. aurantiaca. 


é Origin of the strains studied 


5 strains were studied. 

The original strain of Torula aurantiaca was received in 1923 from Sarro (Japan), 
Sarto isolated this strain from the air at Tokyo. 

A strain labeled Torula miniata was received in 1932 from OKUNUKI (Japan). 
OKUNUKI isolated it from the air at Tokyo. 

A strain labeled Rhodotorula longissima was also received in 1932 from OKUNUKI 
(Japan), mislabeled Torula koishikawensis. 

Two strains labeled Mycotorula colostri Castelli were received: one in 1934 from 
CASTELLI (Italy), the other in 1933 from MonTEMARTINI (Italy). The first strain 
was isolated by CasTELLI from human colostrum. No details are available about 
the second strain. It may be a subculture of the first strain. 


These last two strains are the only strains of human origin. 


The original strain of Torula aurantiaca has been chosen as the type 
strain of this species. 


5. RHODOTORULA FLAVA (SAITO) LODDER 


a Synonyms 


Torula flava Saito (1922) 
Chromotorula flava (Saito) Harrison (1928) 


6 Original description and historical survey 


SarTo (1922) isolated this organism in Tokyo from the air. He named it Torula 
flava and gave the following description: 

Growth in koji extract: Cells are oval, seldom sausage-shaped, (3—4) x 
(3—6) yw. A dry pellicle, gradually dropping into the liquid, is formed. 

Growth on koji agar: Colonies are round, yellowish, sharply edged. 

Fermentation: No fermentation. 

Sugar assimilation: Glucose + (weak) Maltose + (weak) 

Saccharose + (weak) Lactose? 

Assimilation of potassium nitrate: Absent. 

Harrison (1928) brought this species into the genus Chromotorula owing to the 
yellow color of the malt agar culture. or 

LoppeEr (1934) concluded that the genus Chromotorula could not be maintained 
and in consequence Chromotorula flava came into the genus Rhodotorula. 

She described this species as follows: ‘ 

In young malt extract cultures: Cells are oval, (3,5—5) x (5—7) mp. 
A sediment, a ring and islets are formed. 
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Streak culture on malt agar: Dark yellow, soft, dull, wrinkled with radial 
stripes. 
Fermentation: No fermentation. 
Sugar assimilation: Glucose + Maltose + 


Galactose + / Lactose + 
Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Poor growth. 


y Standard description of Rhodotorula flava 


Growth in malt extract: After 3 days at 25° C. cells are 
oval, (3,5—5) x (5—7) mw, single or in pairs (Fig. 266). 
After one month at 17° C. a sedi- 
ment and a ring are formed. 
2? ) a Growth on malt agar: 
dis After 3 days at 25° C. cells are oval 
or long-oval, (83—4,5) x (6—9) wn, 
Yon single or in pairs. 
The streak culture after one month 
at 17° C. is yellow, soft, dull and 
slightly wrinkled. 


Slide cultures: No pseudo- 
Fic. 266 — Rh. flava 


After 3 days in malt extract mycelium. ; 
Fermentation: Absent. 
Sugar assimilation: Glucose + Maltose + 
Galactose + Lactose + 


Saccharose ++ 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: No growth. 
Splitting of arbutin: Positive. 


6 Discussion 


This species shows great resemblance to the former species Rhodotorula 
aurea, now identical with Cryptococcus laurentii. There is, however, a 
difference in the color of the streak culture on malt agar. The slightly 
reddish tinge in Rh. aurea is so indistinct that the species was removed 
from the genus Rhodotorula. Moreover Rh. aurea may form a starch-like 
compound which Rh. flava does not. 


e Origin of the strains studied 


1 strain was studied. 


It was obtained from Sarro in 1923 and had been isolated in Tokyo from the air. 
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6. RHODOTORULA MINUTA (SAITO) HARRISON 


a Synonyms 


Torula minuta Saito (1922) 
Torulopsis minuta (Saito) Ciferri et Redaelli ( 1925) 


P Original description and historical survey 


Sarro (1922) isolated this species in Tokyo from the air. He gave the following 
description: 

Growth in koji extract: Cells are small, oval, (3—4) x (4—5) ue. A ring 
is formed. 

Growth on koji agar: Colonies are round and red. 

Fermentation: No fermentation. 

Sugar assimilation: Glucose + (weak) Maltose + (weak) 

Saccharose + (weak) Lactose — 

Assimilation of potassium nitrate: ? 

CIFERRI and REDAELLI studied Sarro’s culture and described it in 1925. They 
brought it into the genus Torulopsis. Harrison described the same strain in 1928 
as Rhodotorula minuta. 

LODDER gave in 1934 the following description of Sarro’s strain: 

In young malt extract cultures: Cells are oval, (2—3,5) x (3,5—6) wu. 
A sediment and a ring are formed. 

Streak culture on malt agar: Light orange red, dull, smooth. . 

Fermentation: No fermentation. 

Sugar assimilation: Glucose + Maltose — 

Galactose + Lactose — 
Saccharose -+- 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Poor growth. 


y Standard description of Rhodotorula minuta 


Growth in malt extract: After 3 days at 25° C. cells are 


oval, (2—3,5) x (3,5—6) yw, single or in pairs (Fig. 267). 
After one month at 17° C. a sediment 


> O and a very thin ring are formed. 
Cfp COD © Growth on malt agar: After 
DO (a) O 3 days at 25° C. cells are oval, (2—3,5) X 


O oP ® (3—5,5) mw, single or in pairs. 
QO O Co? O After one month at 17° C. the streak 


culture is smooth, shiny, not mucous; 


i 
ae O O o the color is orange to red. 
; fi LP O Slide cultures: Occasionally a 


primitive pseudomycelium. 


Fic. 267 — Rh. minuta 
Fermentation: Absent. 


After 3 days in malt extract 
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Sugar assimilation: Glucose + Maltose — 
Galactose ++ Lactose — 


Saccharose + 
Assimilation of potassium nitrate: Absent. 
Ethanol as sole source of carbon: Growth. 
Splitting of arbutin: Variable. 


6 Discussion 


MACKINNON and ARTAGAVEYTIA—ALLENDE (1944) considered Rh. minuta 
a synonym of Rh. mucilaginosa because of the assimilation of maltose, 
which they found positive with the strain they studied (which came 
from LANGERON, Paris); this is also in agreement with Sarro’s statement. 

They were, however, unaware that Sarro’s authentic strain of Rh. 
minuta studied in the “‘C.B.S.”’ showed no maltose assimilation in both 
the auxanographic and the liquid medium test. So, most probably, there 
has been an error in observation in Sarro’s tests. We, therefore, will 
maintain Rh. minuta with the amendment given to it by LoppER. 


é Origin of the strains studied 
2 strains were studied. 
One of them is the original strain obtained from Sarro in 1923. It was isolated 


from the air at Tokyo. 
The other strain was obtained from LAGERBERG (Sweden) in 1935 and isolated 


from the heart-wood of a spruce-fir. 


SarTo’s strain has been chosen as the type strain of the species. 


7. RHODOTORULA PALLIDA LODDER 


6 Original description and historical survey 


LoppEr (1934) studied an organism obtained from CirerRi as M ycotorula muris. 
As the properties of this species described by CIFERRI and REDAELLI (1925) differed 
considerably from those found for the culture studied, the identity of the latter 
with Mycotorula muris was denied, and a new species was created and described 
by Lopprer. Since her description and the standard description are almost identical, 
the former has been omitted here. 


p Standard description of Rhodotorula pallida 


N ws r . : 
Growth in malt extract: After 3 days at 25° C. cells are 
oval, (3—4) x (4—6,5) yp, single or in pairs (Fig. 268). 


Rhodotorula pallida 
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After one month at 17° C. a sediment and a ring are formed. 
Gr owt h on malt agar: After 3 days at 25° C. cells are oval, 
Sy The streak culture after one month at 17° C. 
Ee is flat, shiny, not mucous; the color is red to 
O Y orange. 
pied Fermentation: Absent. 
fy Sugar assimilation: 
Saccharose — 

Fre. 268 — Rh. pallida Assimilation of potassium ni- 
in malt extract Ethanol as sole source of car- 
bon: No growth. 


(83—4,5) X (4,5—6,5) mw, single or in pairs. 
Slide cultures: No pseudomycelium. 
ke Glucose ++ Maltose — 
Galactose + (weak) Lactose — 
After 3 days trate: Absent. 
Splitting of arbutin: Absent. 


e Origin of the strains studied 


Only 1 strain was studied. 
It was obtained from CIFERRI in 1926, labeled Mycotorula muris. 


g. SUMMARY 


A diagnosis of the genus Rhodotorula has been given. 

After a comparative study of 66 strains belonging to this genus they 
were classified in seven species with one variety. 

The seven species and the variety Rh. glutinis var. rubescens have all 
been described in “Die anaskosporogenen Hefen, I Halfte’’. Five species 
and nine varieties accepted therein are rejected. Most of them could be 
identified with one of the species or variety maintained. 

In our present system: 

Rh. glutinis includes Rh. bronchialis, Rh. suganii and Rh. glutinis var. 
infirmo-miniata ; 

Rh. glutinis var. rubescens: Rh. glutinis var. saitoi and var. rufula ; 

Rh. rubra: Rh. rubra var. longa and var. curvata and Rh. mucilaginosa 


var. plicata ; 
Rh. mucilaginosa: Rh. mucilaginosa var. sanguinea, var. carbone and 


var. pararosea ; 
Rh. aurantiaca: Rh. colostri and Rh. longissima ; 
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Rh. aurea has been rejected since it is identical with Cryptococcus 


laurentii. 
A key to the species has been given. 
Rhodotorula glutinis is the type species of the genus. 
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LATIN DIAGNOSES OF NEW GENERA, SPECIES AND VARIETIES 


Genus SACCHAROM YCES 


Saccharomyces steineri nov. spec. 


In musto maltato cellulae ovoideae aut longovoideae, (3—8) x (5—14) My 
nonnullae 184 longae, singulae aut binae. Sedimentum et anulus subtilis formantur. 

In agaro maltato cellulae ovoideae aut longovoideae, (2,5—6) x (5—15) u, 
nonnullae 18 yw longae, singulae aut binae. Cultura (post unum mensem, 17° C.) 
mollis, glabra, nitida, albiflava. 

Pseudomycelium primitivum formatur: sc. cellulae in catenis ramosis. 

Ascosporae rotundae; 2—4 in asco, plerumque 2. 

Fermentatio glucosi, galactosi, sacchari, maltosi, non raffinosi. In medio minerali 
cum glucoso, galactoso, saccharo, maltoso crescit. Nitras kalicus non assimilatur. 
In medio minerali cum alcohole aethylico non crescit. Arbutinum non finditur. 


Saccharomyces fructuum nov. spec. 


In musto maltato cellulae ovoideae, (3,5—7) x (6—10) yw, singulae aut binae. 
Sedimentum anulusque formantur. 

In agaro maltato cellulae ovoideae, (3,5 —6,5) x (6—9) yw, singulae aut binae. 
Cultura (post unum mensem, 17° C.) albida, parum nitens, in parte extrema parum 
crispulata. 

Pseudomycelium primitivum cellulis aequis oblongisque. 

Ascosporae rotundae; 1—3 in asco. 

Fermentatio glucosi, galactosi, sacchari et raffinosi pro tertia parte. In medio 
minerali cum glucoso, galactoso, saccharo, maltoso crescit. Nitras kalicus non 
assimilatur. In medio minerali cum alcohole aethylico parum crescit. Arbutinum 
non finditur. 


Saccharomyces elegans nov. spec. 


In musto maltato cellulae ovoideae aut longovoideae, (4—5) x (7—13) uw, singulae 
aut binae. Sedimentum et anulus crassus albusque formantur. 

In agaro maltato cellulae subovoideae aut ovoideae, (3,5—6) x (4,5—9) My 
singulae aut binae. Paucae cellulae oblongae, Cellulae copulantes et asci. Cultura 
(post unum mensem, 17° C.) albida, nitida, prope glabra, in margine structura 
subtilis. 

Pseudomycelium primitivum formatur. 

Copulatio cellularum aequarum conformationi asci plerumque praecedit. Ascosporae 
satis magnae, rotundae aut ovoideae; 1—4 in asco. 

Fermentatio glucosi, sacchari (lentissima), raffinosi (valde exigua). In medio 
minerali cum glucoso, galactoso (paulum) et saccharo (lente) erescit. Nitras kalicus 
non assimilatur. In medio minerali cum alcohole aethylico non aut parum crescit. 
Arbutinum non finditur. 
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Saccharomyces veronae nov. spec. 


In musto maltato cellulae rotundae, (3—6) x (3,5 —6) yw, singulae aut binae. Sedi- 
mentum et anulus formantur. 

In agaro maltato cellulae rotundae aut subovoideae, (3 —5) x (4—6) yu, singulae 
aut binae. Cultura (post unum mensem, 17° C.) albida, glabra, mollis, nitida, parum 
acclivis, margine interdum piloso. 

Pseudomycelium cum blastosporis abundat. Blastosporae rotundae aut ovoideae, 
aut accumulatae aut verticillatae sunt. 

Copulatio cellularum aequarum conformationi asci plerumque praecedit. Ascosporae 
rotundae, 1—4 in asco. 

Fermentatio glucosi, sacchari et raffinosi pro tertia parte; nulla aut exigua fermen- 
tatio maltosi. In medio minerali cum glucoso, galactoso, saccharo, maltoso crescit. 
Nitras kalicus non assimilatur. In medio minerali cum alcohole aethylico non 
crescit. Arbutinum non finditur. 


Genus LIPOM YCES 
Lipomyces nov. gen. 

Cellulae rotundae aut ovoideae, in culturis veteribus plerumque magnum globulum 
olei continentes, cireumdatae capsula mucosa. In propagatione vegetativa gemmae 
ab omni latere formantur. Pseudomycelium nullum. Paucae cellulae oblongae 
formantur. 

Asci formantur hoe modo: Cellulae gemmantes, magnum globulum olei 
continentes, tuberculum forma sacci, in ascum vertens, formant. Primo materia 
in asco granosa est, deinde in ascosporas convertitur. Ascus plerumque cellulae 
maternae adhaeret quae interdum et gemmas formavit. Aliquando plures asci 
formantur ab eadem cellula materna. Numerus ascosporarum varius est, de 4 ad 16, 
forsitan plures formantur. Ascosporae glabrae, ovoideae, colore sucini pallidi. 

Culturae mucosae sunt in mediis variis. 

Fermentatio nulla. 


Lipomyces starkeyi nov. spec. 

In musto maltato cellulae rotundae aut subovoideae, (4—7) x (5—9), mu, singulae 
aut binae. Sedimentum, anulus albus et interdum insulae paucae formantur. Cellulae 
circumdatae capsula mucosa. Capsula bene formata est in culturis veteribus in 
mediis variis. Dimensiones cellularum sine capsula datae sunt. In variis mediis, 
maxime in mediis nitrogenio prope carentibus, abundantibus carbohydratis, e.g. in 
agaro cum decocto solani tuberosi cellulae magnos globulos olei continent. 

In agaro maltato cellulae rotundae aut subovoideae, (4—6,5) x (5—8) um, singulae 
aut binae. Cultura (post unum mensem, 17° C.) albida, glabra, nitida, valde mucosa. 

Pseudomycelium nullum. 

Ascosporae formantur in modo in diagnose generis indicato, Ascosporae in asco 
aut 4 aut plures sunt, plerumque 8 aut plures. Saepe difficile est numerare ascosporas. 


Ascosporae glabrae, ovoideae, colore sucini pallidi a 


1) Germinatio ascosporarum nondum cognosci poterat. Malachitico viridi imbutae 
colorem recipiunt. Cellulae deicientes membranum externum parietis cellulae 


observatae sunt. 
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Fermentatio nulla. In medio minerali cum glucoso, galactoso, saccharo, maltoso 
crescit. Nitras kalicus non assimilatur. In medio minerali cum alcohole aethylico 
parum crescit. Arbutinum finditur, plerumque parum. 


Genus CRYPTOCOCCUS 


Cryptococcus laurentii (Kuff.) Skinner var. magnus nov. var. 


Haec varietas a specie differt: 

In musto maltato cellulae rotundae aut subovoideae, (4—7,2) x (6—9) um. 
Sedimentum, anulus crassus et insulae mucosae formantur. 

In agaro maltato cellulae rotundae aut ovoideae, (3,5—9,5) x (3,5—10) yu. 


Genus TORULOPSIS 


Torulopsis stellata (Kr. et Krumbh.) Lodder var. cambresieri nov. var. 


Haec varietas a specie differt: 

In musto maltato cellulae rotundae aut subovoideae, singulae aut binae non 
catenatae, (3,9—4,7) x (4,83—5,2) mw. Sedimentum et interdum anulus subtilis 
formantur. 

In agaro maltato cellulae plerumque rotundae, (2,5 —4,3) x (2,6 —5,2) wu, singulae. 
Cultura (post unum mensem, 17° C.) albida, nitida, prope glabra, margine glabro. 

Arbutinum finditur. 


Torulopsis etchellsii nov. spec. 


In musto maltato cellulae rotundae aut subovoideae, (2,2 —3,9) x (2,6 —4,7) wu, 
singulae aut binae. Sedimentum et anulus crassus formantur. Odor proprius nascitur 
differens ab odore specierum generis Brettanomycis. 

In agaro maltato formae et dimensiones cellularum eaedem sunt quae in musto 
maltato., Cultura (post unum mensem, 17° C.) albida, prope plana, prope glabra, 
parum secata, mollis et parum nitida. 

Pseudomycelium nullum; interdum cellulae in catenis parvis. 

Fermentatio glucosi et maltosi (exigua). In medio minerali cum glucoso, galactoso 
(exigue), maltoso (exigue) crescit. Nitras kalicus assimilatur. In medio minerali 
cum alcohole aethylico non crescit. Arbutinum non finditur. 


Torulopsis anomala nov. spec. 


In musto maltato cellulae subovoideae, (2—3,3) x (3,4—4,7) mw, singulae aut 
binae. Sedimentum anulusque formantur, Odor proprius nascitur differens ab odore 
specierum generis Brettanomycis. 

In agaro maltato formae et dimensiones cellularum eaedem sunt quae in musto— 
maltato, Cultura (post unum mensem, 17° C.) flavifusea, mollis, in parte media 
parum acclivis, glabra, nitida. 

Pseudomycelium nullum. 

Fermentatio glucosi, galactosi, maltosi, lactosi (valde exigua). In medio minerali 
cum glucoso, galactoso, maltoso, lactoso (valde exigue) crescit. Nitras kalicus 
assimilatur. In medio minerali cum aleohole aethylico non crescit post dies 7, 
bene crescit post dies 21. Arbutinum non finditur, 
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Torulopsis ernobii nov. spec. 


In musto maltato cellulae rotundae aut prope rotundae, (2,6 —4,3) x (3,4 —5,2) 
singulae aut binae. Sedimentum et anulus subtilis formantur. 

In agaro maltato cellulae rotundae aut prope rotundae, (2,6—4,7) x (2,6 —5,6) yw, 
singulae aut binae. Cultura (post unum mensem, 17° C.) paene albida, glabra, 
nitida, margine glabro. 

Pseudomycelium nullum. 

Fermentatio exigua glucosi solius. In medio minerali cum glucoso, saccharo, 
maltoso crescit. Nitras kalicus non assimilatur. In medio minerali cum alcohole 
aethylico parum crescit. Arbutinum non finditur. 


by, 


Torulopsis pinus nov. spec. 


In musto maltato cellulae rotundae aut subovoideae, (3—4,3) x (3—4,7) p, 
singulae aut binae. Sedimentum et anulus subtilis formantur. In mediis liquidis 
agarinisque cellulae capsula circumdatae sunt. Amylum non formatur. 

In agaro maltato cellulae rotundae, singulae aut binae, 3—3,9 uw. Cultura 
(post unum mensem, 17° C.) valde mucosa, flavifusca, nitidissima, glabra, margine 
glabro. 

Pseudomycelium nullum. 

Fermentatio nulla. In medio minerali cum glucoso solo crescit. Nitras kalicus 
non assimilatur. In medio minerali cum alcohole aethylico non crescit. Arbutinum 
non finditur. 


Torulopsis magnoliae nov. spec. 


In musto maltato cellulae rotundae aut ovoideae, (2—3,5) x (3—5) nu, singulae 
aut binae. Sedimentum anulusque formantur. 

In agaro maltato cellulae ovoideae, (1,5—3) « (3—5) mw. Cultura (post unum 
mensem, 17° C.) flavifusca, plana, glabra, nitida. 

Pseudomycelium nullum. 

Fermentatio glucosi et sacchari (exigua). In medio minerali cum glucoso, galactoso, 
saccharo crescit. Nitras kalicus assimilatur. In medio minerali cum alcohole aethylico 
non crescit. Arbutinum finditur. 


Torulopsis inconspicua nov. spec. 


In musto maltato cellulae ovoideae, singulae aut binae. Dimensio cellularum aut 
(2—3,5) x (3—6) w aut (8—4,5) x (4—7) uw. Sedimentum, anulus et interdum 
pellicula subtilis formantur. 

In agaro maltato cellulae ovoideae, singulae aut binae, (1,5—3,5) x (3—5) mu. 
Cultura (post unum mensem, 17° C.) griseola albida, nitida, prope glabra, margine 
parum undulato. 

Pseudomycelium nullum; paucae cellulae oblongae. 

Fermentatio nulla aut exigua glucosi solius. In medio minerali cum glucoso solo 
crescit. Nitras kalicus non assimilatur. In medio minerali cum alcohole aethylico 


parum aut bene crescit, Arbutinum non finditur. 
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Genus CANDIDA 


Candida guilliermondii (Cast.) Lang. et Guerra var. membranaefaciens nov. var. 


Haec varietas a specie differt: 
In musto maltato post dies 3 —4 pellicula non-nitida, crispulata, flavida formatur. 


Post unum mensem, 17° C. materia pelliculosa flavida formata est. 

Cultura in agaro maltato (post unum mensem, 17° C.) flavalbida, prope tenax, 
non-nitida, crispulata. 

In medio minerali cum alcohole aethylico crescit; pellicula formatur. Lactis 
caseinam non praecipitat. 


Candida claussenii nov. spec. 


In musto maltato cellulae ovoideae aut longovoideae, (4—5,5) x (6—10) Mh 
Sedimentum anulusque formantur. ' 

Cultura in agaro maltato (post unum mensem, 17° C.) albida, mollis, crispulata, 
parum nitens, margine piloso. 

Pseudomycelium abundat. Cellulae pseudomycelii et blastosporae longovoideae 
aut oblongae in catenis ramosis. 

Fermentatio glucosi, galactosi, maltosi. In medio minerali cum glucoso, galactoso, 
saccharo, maltoso crescit. Nitras kalicus non assimilatur. In medio minerali cum 
alcohole aethylico crescit. Lactis caseinam praecipitat. Arbutinum non finditur. 


Candida solani nov. spec. 


In musto maltato cellulae ovoideae aut cylindricae, (2—4) x (4—13) yw. Post 
dies 3 pellicula tenuis, flavida, non-nitida, crispulata, sursum repens formatur. 
Sedimentum. 

Cultura in agaro maltato (post unum mensem, 17° C.) flavalbida, mollis, glabra, 
nitida, prope plana, margine piloso. 

Pseudomycelium interdum abundat; saepe ramosum. Blastosporae catenatae aut 
verticillatae. 

Fermentatio glucosi, sacchari (valde exigua). In medio minerali cum glucoso, 
galactoso (valde exigue), saccharo, maltoso crescit. Nitras kalicus non assimilatur. 
In medio minerali cum alcohole aethylico crescit; pellicula tenuis et non-nitida 
formatur. Lactis caseinam non praecipitat. Arbutinum finditur. 


Candida melibiosi nov. spec. 


In musto maltato cellulae subovoideae aut ovoideae, (3—5) x (4—6) uw, singulae, 


binae aut catenatae ; praeterea cellulae pseudomycelii longiores, (2—4) x (7,5—22) u. a 


Sedimentum, anulus et pellicula tenuis, non-nitida aut insulae formantur. Pellicula 
facile cadet ad fundum. 

Cultura in agaro maltato (post unum mensem, 17° C.) albida, mollis, nitida, 
plerumque glabra, parum crispulata in parte media, margine interdum piloso atque 
undulato. 

Pseudomycelium cum blastosporis abundat. Eodem modo quo pseudomycelium 
Candidae guilliermondii crescit. 

Fermentatio glucosi, sacchari, raffinosi et melibiosi; interdum fermentatio exigua 
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galactosi et maltosi. In medio minerali cum glucoso, galactoso, saccharo, maltoso 
crescit. Nitras kalicus non assimilatur. In medio minerali cum aleohole aethylico 
crescit, interdum pellicula aut insulae formantur. Lactis caseinam plerumque non 
praecipitat. Arbutinum finditur. 


Candida melibiosi nov. spec. var. membranaefaciens nov. var. 


Haec varietas a specie differt: 

In musto maltato post dies 3 —4 pellicula non-nitida, crispulata, flavida formatur. 
Post unum mensem, 17° C. materia pelliculosa, flavida formata est. 

Cultura in agaro maltato (post unum mensem, 17° C.) flavalbida, prope tenax, 
non-nitida, crispulata. 


Genus TRICHOSPORON 


Trichosporon behrendii nov. spec. 


In musto maltato cellulae ovoideae, (3—5,5) x (5—9,5) mu; paucae cellulae 
pseudomycelii longiores; singulae, binae aut catenatae. Sedimentum anulusque 
formantur. 

Cultura in agaro maltato (post unum mensem, 17° C.) albida, tenax, acclivis, 
crispulata, pilosa. 

Mycelium verum cum blastosporis et arthrosporis. 

Fermentatio glucosi, galactosi (valde exigua), sacchari, maltosi (exigua) et 
raffinosi pro tertia parte. In medio minerali cum glucoso, galactoso, saccharo et 
maltoso crescit. Nitras kalicus non assimilatur. In medio minerali cum alcohole 
aethylico crescit. Arbutinum finditur. 


43 


AUTHOR INDEX 


The numbers.of the pages referring to the literature cited are printed in bold type. 


Acton, H. W. and J. Panga 441, 444 

ADERHOLD, R. 139, 225 

AFRIKIAN, R., ef. Prostosserdow, N. N. 
und R. Afrikian 

Aagostini, A. e 8S. Brunertro 284, 297 

Atsu 475, 587 

Axaal, 8S. 475, 587, 620, 622, 642 

Auas, G., cf. Marcilla, J., G. Alas y E. 
Feduchy ; 

Auronseca, J. D., cf. Ciferri, R. and 
J. D. Alfonseca 

ALLEN, L. A. and B. D. THorNuEy 187, 
225, 413, 438 

ALMEIDA, F, P. pg 374, 394, 466, 467, 
503, 510, 569, 587, 619, 620, 621, 
642, 652, 666 

Amon, L. and W. D. Strovatu 470, 587 

ANDERSON, H. W. 194, 195, 225, 232, 
234, 246, 372, 394, 407, 408, 438, 466, 
475, 492, 528, 529, 530, 587, 619, 642, 
655, 656, 657, 666 

ANTOINE, E. 640, 642 

AREA LEAO, A. E. DE 620, 623, 625, 642; 
cf. also Fonseca, O. O. R. da y 
A. E. de Aréa Le&o 

ARNOLD, L., cf. Fisher, C. V. and 
L. Arnold . 

ARTAGAVEYTIA —ALLENDE, R. C., cf. 
Mackinnon, J. E. and R. C. Arta- 
gaveytia —Allende; Mackinnon, J. E. 
y R. C. Artagaveytia — Allende 

Arzt, L. 374, 394, 523, 585, 587 

ASAI, T. 478, 483, 587 

ASCHNER, M., cf. Mager, J. and M. 
Aschner 

ASCHNER, M. and A. Cury 638,, 987, 
625, 642 

Ascuner, M., J. Macrer and J. Lerro- 
witz 31, 32, 34 376, 394 





AsHBY, S. F. and W. Nowe tu 60, 75, 
325, 326, 329, 331 

ASHFORD, B. K. 466, 475, 553, 566, 587; 
cf. also Ciferri, R. and B. K. Ashford 

ASHFORD, B. K. and R. Crrerri 655, 
666 

Ark, L. cf. Schultz, A. S. and L. Atkin 

AUBERT, J. P., ef. Drouhet, E., G. See 
gretain et J. P. Aubert 

Baker, J. L., ef. Ward, F. J. and 
J. L. Baker 

Battatu, G. 231, 246, 493, 587 

Bauzer, F., H. Goucrror et R. Burnier 
619, 622, 642 

Barker, B. T. P. 117; 150, 225 

Barngs, M. N. und O. Raun 237, 246 

Bascat, W. 348, 364, 466, 502, 503, 
505, 513, 554, 587, 619, 620, 642 

BATSCHINSKAIA, A. A. 123, 129, 225 

Baucu, R. 37, 38, 49 

Bay, J. C. 163, 225 

BEAUVERIE, J. 149, 150, 225 

Brcx, O. 109, 110, 114 

Breprorp, C. L. 14, 32, 34, 238, 243, 
244, 245, 246, 248, 249, 251, 253, 255, 
256, 257, 266, 272, 273 

BEHREND, G. 613, 626, 639, 640, 642 

BEHRENS, J. 150, 225 

BEIJERINCK, M. W. 30, 34, 82, 83, 86, 
87, 93, 127, 135, 154, 155, 170, 195, 
225, 251, 252, 253, 273, 307, 308, 3125 
349, 484, 485, 510, 512, 514, 518, 535, 
536, 543, 544, 545, 587 

BEINTEMA, K. 621, 640, 642 

Brett, T. A., cf. Etchells, J. 
T. A. Bell 

BENCINI e Feperticr 550, 552, 587 

BENEDEK, T. 441, 442, 443. 444 

BENHAM, Ru. W. 19, 34, 372, 376, 394, 


L. and 


AUTHOR INDEX 675 


408, 409, 438, 441, 442, 443, 444, 445, 
460, 469, 587 

Benuam, Ru. W. and A. McH.Hopxins 
553, 587 

BENNETT, J. H. 620, 622, 642 

Berxunout, Cur. M. 251, 252, 253, 273, 
459, 460, 466, 471, 493, 503, 505, 506, 
510, 536, 538, 587, 619, 621, 642 

BERLESE, A. N. 397, 438, 484, 488, 587 

Brrnasconl, V., cf. Mazza, S., F. L. 
Nino, H. Quintana y V. Bernasconi 

BERNHARDT, E. 13, 34 

Besta, B. 470, 587 

BEURMANN, L. DE et H. GouceEror 
286, 297, 300, 302, 374, 375, 394, 620, 
642 

BEURMANN, L. DE, H. GouGEror et 
VAUCHER 619, 620, 642 

BiLEwskI, H., cf. Pringsheim, E. und 
H. Bilewski 

Brnot, J., cf. Blanchard, R., E. Schwartz 
et J. Binot 

Bissy, G. R., A. H. R. Buiter and 
J. DEARNESS 365, 366, 369 

BizzozErRo, J. 441, 442, 443, 445 

Buack, R. A. and C. V. FisHer 408, 
409, 438 

BLANCHARD, R., KE. 
J. Brnot 375, 394 

Borepigyn, K. B. and J. A. VERBUNT 
557, 558, 587, 620, 622, 642 

BouoeGnest, G. e G. A. CHturco 620, 643 

Bonar, L., cf. Mrak, E. M. and L. Bonar 

BonorDEN, H. F. 502, 505, 506, 587 

Boucuer, H., cf. Fontoynont, M. et 
H. Boucher 

BouvDigErR 314 

BouTuitet, R., cf. Skinner, C. E. and 
R. Bouthilet 

Boutnitet, R. J., N. E. NELSON, 
E. M. Mrax and H. J. Puarr 21, 
22, 34 

Boutrroux, L. 143, 225 

Branpt, R. und F. Zacwu 391, 394 

Brauur, J. et L. MasseLtor 493, 587 

Fischer B. und 


SCHWARTZ et 


BrREBECK, C., cf. 
C. Brebeck 
Brewer and Woop 376, 394 


Brocg—Rovussevu, D., A. GurLurEr- 
MOND et L. DES CILLEULS 475, 587 

Brumpt, E. 442, 445, 619, 620, 628, 
640, 643 

Brunetto, 8., cf. Agostini, A. e S. 
Brunetto; Ciferri, R., P. Croveri e 
S. Brunetto 

Busotz, A. A., cf. Stovall, W. D. and 
A. A. Bubolz 

Bucuwatp, N. F. 64, 70, 71, estates 
74, 75, 615, 616, 631, 643 

Butter, A. H. R. 64, 65, 66,75, 342, 364; 
cf. also Bisby, G. R., A. H. R. Buller 
and J. Dearness 

Buuuer, A. H. R. and T. C. Vanrer- 
POOL 64, 75 

Burk, D., cf. Winzler, R. J., D. Burk 
and V. du Vigneaud 

BURKHOLDER, P. R. 8, 34, 520, 523, 587 

Burniepr, R., cf. Balzer, F., H. Gougerot 
et R. Burnier 

Burns, W. E. 524, 588 

Burton, K. A., ef. Wickerham, L. J. 
and K. A. Burton; Wickerham, L. J., 
M. H. Flickinger and K. A. Burton; 
Wickerham, L. J., R. J. Gill and 
K. A. Burton 

Buscationt, L. 300, 302 

Buscationti, L. e O. Casaaranpi 300, 
302 

Bussz, O. 372, 375, 378, 380, 394, 395 

Camarao, I. M. pe 554, 588 

Cariratin, E. 135, 139, 169, 172, 218, 225 

Caruson, A. 8., cf. Hehre, E: J., 
A. S. Carlson and D. M. Hamilton 

CARNEVALE—Riccr 542, 543, 546, 588 

Carnot, Wa L. L. 409, 438 

Carr, F.”H. and E. A. Price 29, 34 

CASAGRANDI, O., cf. Buscalioni, L. e 
O. Casagrandi 

CASTELLANI, A. 374, 395, 466, 467, 469, 
470, 484, 487, 492, 493, 494, 502, 503, 
504, 510, 512, 513, 518, 519, 524, 528, 
535, 538, 539, 554, 566, 588, 619, 620, 
621, 622, 643, 655, 666 

CASTELLANI, A. and A. J. CHALMERS 
71, 75, 374, 395, 442, 445, 466, 467, 
469, 492, 493, 494, 502, 503, 504, 512, 


676 AUTHOR INDEX 


518, 519, 528, 535, 554, 568, 588, 619, 
620, 621, 626, 643 

CASTELLANI, A., M. Dovucias and 
E. T. THompson 619, 620, 622, 643 

CASTELLANI, A. and I. Jacono 374, 
395, 467, 484, 487, 538, 588 

CASTELLANI, A. and G. C. Low 466, 588 

CASTELLANI, A. and F. E. Taytor 535, 
554, 588, 622, 643 

CAStEErT wl L24,5131, 189202050206; 
21 21253130 225, 2o0,.c0e, 240020, 
253, 256, 273, 306, 308, 312, 484, 486, 
588, 655, 659, 660, 666; cf. also Re- 
daelli, P., T. Castelli e R. Ciferri 

CAVALLERO, C. 470, 588; cf. also Ciferri, 
R., P. Redaelli e C. Cavallero; 
Redaelli, P., R. Ciferri e C. Cavallero 

CrsarRI, E. et A. GUILLIERMOND 28], 
287, 297 

CHABORSKI, G. 73, 75 

CHALMERS, A. J., cf. Castellani, A. and 
A. J. Chalmers 

CHaTTon, E. 332 

Cururco, G. A., ef. Bolognesi, G. e 
G. A. Chiurco 

Cirerri, R. 52, 70, 71, 73, 75, 397, 
438, 525, 526, 628, 643, 651, 666; 
cf. also Ashford, B. K. and R. Ciferri; 
Goidanich, G., R. Ciferri e P. Redaelli; 
Redaelli, P., T. Castelli e R. Ciferri; 
Redaelli, P. e R. Ciferri; Redaelli, P., 
R. Ciferri e C. Cavallero; Redaelli, P., 
R. Ciferri e A. Giordano; Verona, O. 
and R. Ciferri; Verona, O. e R. Ciferri 

CiIrERRI, R. and J. D. ALFONSECA 553, 
588 

CrrerrI, R. and B. K. Asurorp 448, 
458, 559, 588 

CIFERRI, R., P. CRovert e S. BRUNETTO 
640, 643 

Crrerri, R. and P. Repartii 71, Fay 
342, 349, 351, 353, 357, 364, 397, 438, 
440, 443, 445, 478, 519, 532, 547, 588, 
619, 620, 622, 628, 643 

CIFERRI, R. e P. REDAELLI 73, 75, 184, 
225, 348, 349, 353, 357, 364, 414, 438, 
468, 477, 478, 479, 492, 493, 503, 510, 
511, 512, 518, 519, 535, 538, 561, 588, 





628, 643, 647, 648, 649, 654, 655, 656, 
657, 659, 663, 664, 666 

CIFERRI, R., P. REDAELLI e C. CAVAL- 
LERO 469, 588 

CIFERRI, R. and O. VERONA 342, 350, 
353, 357, 358, 359, 364 

CILLEULS, L. DEs, cf. Brocq —Rousseu, 
D., A. Guilliermond et L. des Cilleuls 

CLAUSSEN, N. HJ. 446, 458 

CLEMENTS, F. C. and C. L. SHEAR 56, 
645 70745 

CocHEtT, G. 300, 301, 302, 620, 623, 641, 
643 

Coun, F. und J. 
666 

COHNBERG, R., cf. Spiegelman, 4%., 
J. M. Reiner and R. Cohnberg 

Conant, N. F. 470, 555, 559, 562, 564, 
588 

Coor, D.-H., cf Kesten, Hy Dew bpaLe 
Cook, E. Mott and J. W. Jobling 

CooLHAAS, C. 83, 93 

CorpbEs, W. A., cf. Hammer, B. W. and 
W. A. Cordes 

Corproc’H, M. 154, 155, 156, 225 

COSTANTIN, J. 374, 375, 395 

Cottini, G. B. 518, 588 

CroveERI, P., ef. Ciferri, R., P. Croveri 
e S. Brunetto 

Curtis, F. 380, 395 

Cury, A., ef. Aschner, M. and A. Cury 

Custrers, M. Tu. J. 33, 34, 257, 429, 
446, 447, 448, 449, 451, 453, 454, 455, 
456, 457, 458; cf. also Kluyver, A. J. 
and M. Th. J. Custers 

CuTLerR, E. C., cf. Stoddard, J. L. and 
E. C. Cutler 

Cutts, N. S. and C. Rartnsow 30, 34 

DairEvuva, M. P. 469, 588 

Damm, H. 506, 588 

Dastour, F. and J. Stneu 325, 327, 331 

DASZEWSKA, W. 524, 588 

Dearngess, J., cf. Bisby, G. R., A. H. 
R. Buller and J. Dearness 

Demme, R. 652, 666 

DENAMUR, cf. Laer, H. van et Denamur 

DeErRx, H. G. 17, 34, 62, 64, 65, 66, 75, 
341, 345, 348, 349, 350, 351, 353, 354, 


SCHROETER 647, 


AUTHOR INDEX 


355, 356, 357, 358, 363, 364, 365, 366, 
368, 369 

DESMAZIERES, J. B. 116, 477, 478, 479, 
482, 588 

Dippens, H. A. and J. Lopprr 154, 
156, 184, 225, 252, 256, 257, 273, 460, 
513, 536, 588 

DippEns, H. A. und J. Lopper 12, 
19, 21, 23; 26, 27, 32, 34, 52, 71, 72, 75, 
134, 256, 273, 381, 382, 385, 395, 414, 
438, 446, 458, 459, 471, 476, 478, 492, 
494, 506, 509, 513, 514, 518, 519, 522, 
525, 529, 530, 538, 543, 546, 547, 550, 
6583061, 563, 566, 569, 570, 571,573, 
575, 576, 577, 582, 583, 585, 588, 614, 
616, 619, 622, 625, 626, 628, 630, 632, 
634, 636, 638, 640, 643 

Drete., P. 531, 589 

DItTLEVSEN, E. 40, 49, 211, 225 

DirtMER, K., V. pu VIGNEAUD, P. 
GyOrey and C. S. Rose 138, 225 

Dongs, C. W. 74, 75, 284, 285, 297, 
348, 304, 374, 375, 376, 380, 395, 417, 
438, 466, 467, 468 471, 478, 484, 487, 
492, 493, 502, 503, 505, 510, 512, 518, 
519, 528, 535, 538, 539, 550, 553, 554, 
557, 589, 613, 614, 619, 620, 621, 622, 
626, 640, 643, 647, 652, 653, 655, 666 

Doper, C. W. and M. Moore 468, 492, 
503, 535, 538, 589 

Doup, H. 441, 442, 445 

DomsBrowskI, W. 101, 103, 114, 184, 
191, 225, 244, 246 

DooREN DE Jone, L. E. DEN 335, 340 

Dovcuas, M., cf. Castellani, A., M. 
Douglas and E. T. Thompson 

DrovHeEt, E., G. SEGRETAIN et J. P. 
AUBERT 376, 395 

Dusors, Cu. 640, 643 

Ductaux, E. 497, 589 

Dunn, R., cf. Spiegelman, Ss. 
R. Dunn 

Duprat, E., cf. Wickerham, L. J. and 
E. Duprat 

Dvornik, R. 308, 309, 312 

Eakin, R. E., ef. Snell, E. E., R. E. 
Eakin and R. J. Williams; Williams, 
R.J., R. E. Eakin and J. R. McMahan ; 


and 


677 


Williams, R. J., J. R. McMahan and 
R. E. Eakin 

Ectss, A., cf. Mazza, 8., F. L. Nifio y 
A. Egiies 

EIJKMAN, C. 33, 34, 83, 93 

Emmons, Cu. W. 375, 376, 395 

Emery, W. A. and W. J. Scort 541, 
575, 589, 619, 643 

ENEBO, L., cf. Nillsson, R., L. Enebo, 
H. Lundin and K. Myrbiick 

Enick, K. E. 476, 589 

Erurussi, B., PH. L’HERITIER et 
H. Horrrncurr 39, 49 

EpurussIi, B. et E. LEDERER 30, 34 

ETCHELLS, J. L. and T.,A. Bett 192, 
225, 268, 273, 404, 409, 410, 411, 427, 
429, 430, 431, 432, 438, 599, 609 

EULER, B. von und P. KARRER 29, 34 

Evans, E. E. and J. W. Ment 377, 395 

FABIAN, F. W., cf. Wickerham, L. J. 
and F. W. Fabian 

FABIAN, F. W. and H. H. Hatz 150, 
151, 152, 208, 211, 225, 251, 253, 256, 
213 

FaBian, F. W. and R. I. QuINET 208, 
S1is.226 

Fasian, F. W. and L. J. WICKERHAM 
32,.34, 253, 273 

FARRELL, L., ef. Lochhead, A. G. and 
L. Farrell 

Favre, M. et M. Ora 475, 589 

Feperict, cf. Bencini e Federici 

Fepucny, E., cf. Marcilla, J., G. Alas 
y E. Fepucuy; Marcilla, J. y E. 
Feduchy; Marcilla, J., E. Feduchy y 
J. M. Gomes 

Fernpacu, A. et M. Scoorn 139, 226 

Fink, H. 547, 589; cf. also Haehn, H., 
M. Glaubitz und H. Fink 

Fink, H., I. Gamer und M. GLAvuBITZ 
547, 549, 589 

Frnx, H., H. Haeun und W. HOER- 
BURGER 616, 643 

Fink, H. und E. ZENGER 352, 364, 652, 
666 

Fiscuer, B. und C. BreBeck 342, 343, 
344, 364, 477, 479, 542, 543, 589 

Fiscuer, I., cf. Negroni, P. y I. Fischer 


678 AUTHOR INDEX 


FIsHer, C. V., cf. Black, R. A. and 
C. V. Fisher 

FIsHEr, C. V. and L. ARNoxLD 470, 553, 
589 

Fragrant, C:, ef. Ninni, C. 6.G, Fitti- 
paldi 

FuLickincerR, M. H., cf. Wickerham, 
L. J., M. H. Flickinger and K. A. 
Burton 

FLORENZANO, G., cf. Verona, O. e 
G. Florenzano 

Fotrey, G. E. 405, 406, 438 

. Fonseca, O. O. R. pa 285, 286, 297 

Fonseca, O. O. R. pa y A. E. Anza 
LEAO 628, 643 

Fontoynont, M. et H. Boucner 652, 
653, 666 

Fouterton, A. G. R. 466, 475, 589 

FoweE.., R. R. 118, 226 

FRED, E. B., cf. Marvin, G. E., W. H. 
Peterson, E. B. Fred and H. F. Wilson 

FREEMAN, W. and F. WrtpMAN 374, 
276,991, °395 

Fre, W., 475, 589 

FRESENIUS, G. 647, 666 

Fries, E. 505, 613, 643 

FROILANO DE MELLO, I. y L. Gonzaca 
FERNANDES 374, 375, 395, 466, 502, 
512, 589 

FromaGEort, C. et J. L. TcoHanc 29, 
34, 658, 666 

GaILER, I., cf. Fink, H., I. Gailer und 
M. Glaubitz 

GarRrRop, L. P., ef. Stone, K. and 
L. P. Garrod 

Gaunin, L., cf. Weil, P. E. et L. Gaudin 

GAUMANN, E. 56, 60, 61, 62,64, 75 

GEIGER, A. 499, 500, 501, 589 

GENOouD, E. G., ef. Lindner, P. und 
E. G. Genoud 

GILE, Git. 7 ak et, Wickerham, L. J., 
R. J. Gill and K. A. Burton 

GILLILAND, R. B. 43, 48, 49, 193, 211, 
226 

GIORDANO, A. 373, 374, 395; cf. also 
Redaelli, P., R. Ciferri e A. Giordano 

GIOVANNOZzI, M. 277, 280, 281, 283, 
294, 297 





GLAUBITZ, M. 37, 49; cf. also Fink, H., 
I. Gailer und M. Glaubitz; Haehn, H., 
M. Glaubitz und H. Fink 

GOIDANICH, G., R. Crrerri e P. Re- 
DAELLI 352, 360, 364, 620, 623, 625, 643 

Gomes, J. M. 503, 510, 589; cf. also 
Marcilla, J., E. Feduchy y J. M. Gomes 

GonzAaGA FERNANDES, L., cf. Froilano 
de Mello, I. y L. Gonzaga Fernandes 

GovucGeErot, H., cf. Balzer, F., H. Gou- 
gerot, et R. Burnier; Beurmann, L. de 
et H. Gougerot; Beurmann, L. de, 
H. Gougerot et Vaucher 

GRAZIANO, F. 503, 510, 589 

GRIGORAKI, L. et G. PrEsu 277, 285, 
286, 297 

GROENEWEGE, J. 251, 253, 273, 381, 395 

GRONLUND, CHR. 123, 125, 226 

GROPENGIESSER, C. 419, 438 

Grosstscu, J. 484, 589 

Gruss, J. 348, 349, 364, 530, 531, 558, 
582, 583, 585, 589 

GUEGUEN 374, 395 

GUERRA, P. 518, 542, 561, 589; cf. also 
Langeron, M. et P. Guerra 

GuiarT, J. 374, 375, 395 

GUILLIERMOND, A. 56, 57, 58, 60, 61, 
64, 65, 75, 79, 80, 81, 92, 93, 97, 101, 
114, 117, 129, 130, 139, 143, 149, 159, 
163, 165, 187, 188, 192, 193, 194, 197, 
226, 232, 233, 234, 239, 246, 247, 248, 
251, 273, 278, 297, 299, 302, 303, 304, 
306, 314, 321, 324, 325, 327, 331, 342, 
345,364, 380, 395, 492, 497,589: cf. also 
Broeq —Rousseu, D., A. Guilliermond 
et L. des Cilleuls; Césari, E. et A. 
Guilliermond 

GUILLIERMOND, A. et P. NEGRONI 154, 
155, 226 

GUILLIERMOND, A. et G. Pegu 277, 285, 
297 

Gyorey, P., ef. Dittmer, K., V. du 
Vigneaud, P. Gyérgy and C. S. Rose 

HaAEuN, H., ef. Fink, H., H. Haehn und 
W. Hoerburger; Hayduck, F. und 
H. Haehn 

HarHN, H., M. Guavusrrz und H. Fixx 
37, 49 





AUTHOR INDEX 679 


Harun, H. und W. Kintror 616, 643 

Hau, H. H., ef. Fabian, F. W. and 
H. H. Hall 

Hamitton, D. M., cf. Hehre, E. J., A. S. 
Carlson and D. M. Hamilton 

Hammer, B. W. 409, 411, 438; cf. also 
Olson, H. C. and B. W. Hammer 

Hamme|r, B. W. and W. A. Corpses 411, 
412, 438, 512, 517, 589 

Hansen, E. Cur. 20, 34, 35, 117, 123, 
124, 128, 137, 140, 141, 142, 153, 154, 
155, 156, 158, 164, 165, 166, 169, 177, 
178, 226, 230, 232, 233, 239, 247, 248, 
251, 252, 258, 273, 303, 304, 306, 397, 
478, 502, 505, 506, 536, 589, 597, 609, 
618, 643, 647, 666 

Hansen, H. N., cf. Mrak, E. M., H. J. 
Phaff, R. H. Vaughn and H. N. 
Hansen 

Harrison, F. C. 374, 376, 381, 382, 389, 
390, 395, 401, 403, 406, 412, 417, 419, 
438, 484, 485, 492, 503, 506, 512, 513, 
514, 524, 547, 550, 553, 557, 589, 645, 
647, 649, 655, 659, 661, 663, 666 

Hartic, Tu. 505, 589 

Hartmann, M. 401, 438 

HavutTMAnN, F. 531, 589 

Haypuck, F. und H. Harun 546, 547, 
589 

Hepvcecocr, L., ef. Spiegelman, S., 
C. C. Lindegren and L. Hedgecock 

HeuHRE, EK. J., A. S. Cartson and D. 
M. Hamitton 376, 395 

Hernricu, F. 123, 125, 226; cf. also 
Kroemer, K. und F. Heinrich 

Heinz, L. 42, 49 

HENNEBERG, W. 138, 226, 546, 589 

Henaicti, A. T. 37, 49, 64, 75, 376, 395; 
cf. also Punkari, L. and A. T. Henrici; 
Starkey, R. L. and A. T. Henrici 

Heritrer, Pu. L’, cf. Ephrussi, B., 
Ph. L’Héritier et H. Hottinguer 

Heron, D. A., ef. Lochhead, A. G. and 
D. A. Heron 

Herrmann, W. W., ef. Todd, R. L. 
and W. W. Herrmann 

Hyort, A., cf. Winge, O. and A. Hjort 

HocuHstretTrer 322 








2 

Horke, F. 406, 438 

HOERBURGER, W., cf. Fink, H.,H.Haehn 
und W. Hoerburger 

Hor, ‘T2517; 589 

HoFMANN, E. 88, 93 

Hotst, E. C. 199, 226 

Hoorn, W. van 442, 445 

Hopkins, A. McH., cf. Benham, Rh. W. 
and A. McH. Hopkins 

HorTrincuer, H., cf. Ephrussi, B., 
Ph. L’Héritier et H. Hottinguer 

Hupgeto, L., H. Ruspens Duvat et 
L. LAEDERICH 286, 297 

Hourscumitt, G., cf. Sartory, A., R. 
Sartory, G. Hufschmitt et J. Meyer 

Hurscumitt, G., A. et R. SARTORY et 
J. Meyer 416, 438 

Inui, T. 571, 589 

JAcono, I., cf. Castellani, A. and 
I. Jacono 

JANKE, A. 307, 312, 478, 589, 595, 596, 
597, 600, 601, 605, 609, 610 

JANNIN, L. 478, 589 

JANSSENS, Fr. A. et AD. Mertens 349, 
364 

JOBLING, J. W., cf. Kesten, H. D., 
D. H. Cook, E. Mott, and J. W. Jobling 

Jounson, G. 169, 226 

Jonss, C. P., cf. Martin, D. 8., C. P. 
Jones, K. F. Yao, and L. E. Lee; 
Mickle, W. A. and C. P. Jones 

Jongs, C. P. and D. 8S. MartTIn 563, 590 

JORGENSEN, A. 82, 83, 93, 161, 162, 173, 
174, 177, 181, 226, 402, 403, 438, 655, 
666 

Kampayasui, T. 640, 643 

KaraAmMBouorr, N. und G. KRUMBHOLZ 
143, 145, 226 

Karrer, P., cf. Euler, B. 
P. Karrer 

Karrutis, 8. 498, 590 

Kawartsura, Su., ef. Ota, M. und Sh. 
Kawatsura 

Kayser, E. 123, 128, 226 

Kerin, D. 322, 323 

Kersten, H. D., D. H. Coox, E. Morr 
and J. W. Josiine 469, 590 

Kersten, H. D. and E. Morr 469, 590 


von und 


680 AUTHOR INDEX 


Kinttor, W., cf. Haehn, H. und 
W. Kinttof 

KiLEIn, E. 375, 395 

Kuécker, A. 100, 101, 106, 115, 117, 
123, 129, 135, 143, 144, 150, 187, 189, 
191, 2267-230, 231, 232, 234, 239, 241, 
243, 247, 258, 260, 261, 273, 274, 275, 
276, 277, 297, 307, 308, 309, 312, 595, 
596, 597, 599, 600, 601, 602, 604, 605, 
606, 610 

Kuiuyver, A. J. 22, 35, 404, 406, 438, 
492, 494, 513, 590 

Kivuyver, A. J. and M. Tu. J. Custrers, 
7, 23, 35, 406, 438, 494, 547, 579, 590 

Kuvuyver, A. J. und C. B. van NIEw 
64, 66, 75, 342, 344, 345, 348, 349, 
352, 363, 364, 366 

Knapp, A. W. 137, 226, 245, 247, 599, 
610 

K6HLER, W., cf. Rippel—Baldes, A., 
K. Pietschmann—Meyer und W. 
Kohler 

Konoxortina, A. G. 277, 280, 281, 297, 
317, 321; cf. also Nadson, G. A. et 
A. G. Konokotina 

Kosar, Y. 125, 226 

Kosar, Y. und K. YasBr 125, 226 

Kosrra, G. 317, 320, 321 

KRASSILNIKOV, N. A., ef. Nadson, G. A. 
et N. A. Krassilnikov 

Krormer, K. und F. Hernricu 303; 
304, 305, 306 

Kroemer, K. und G. KrumBHouz 143, 
144, 145, 146, 187, 188, 227, 420, 423, 
438 

KRUMBHOLZ, G. 58, 75, 145, 164, 166, 
173, 176, 188, 190, 200, 202, 227, 421, 
423, 438; cf. also Karamboloff, N. 
und G. Krumbholz; Kroemer, K. und 
G. Krumbholz 

KrumsBuHo1z, G. und W. TAUSCHANOFF 
448, 451, 458, 559, 590 

KRZEMECKI, A, 524, 525, 590 

KUFFERATH, H, 123, 132, 227, 257, 308, 
312, 381, 395, 448, 452, 458, 492, 503, 
506, 572, 590 

KuFFERATH, H. et M. H. van LAER 
446, 448, 452, 458 


KurRorTscHin, T. J., cf. Yen, A. C. H. 
and T. J. Kurotchin 

Ktrzine, F. 371, 395 

LAEDERICH, L., cf. Hudelo, L., H. Rubens 
‘Duval et L. Laederich 

LAER, H. vAN et DENAmMUR 161, 162, 
Zor 

Larr, M. H. van, cf. Kufferath, H. et 
M. H. van Laer 

Larar, F. 483, 590 

Larrer, N: C. 187, 227 

Lames, J. H. and M. L. Lams 470, 590 

LANDRIEU, M. 471, 590 

LANEN, J. M. van, cf. Tanner jr, F. W., 
Ch. Vojnovich and J. M. van Lanen 

LANGERON, M. 376, 395, 542, 543 

LANGERON, M. et P. Guerra 11, 35, 
74, 75, 279, 289, 297, 414, 415, 438, 
448, 454, 458, 460, 467, 469, 470, 487, 
492, 493, 495, 505, 510, 513, 518, 519, 
524, 525, 535, 538, 539, 543, 550, 554, 
555, 557, 559, 561, 562, 564, 590 

LANGERON, M. et Pu. J. LuTERAAN 376, 
395, 487, 590 

LANGERON, M. et R. V. Tarice TOs4ae 
35, 466, 467, 469, 475, 492, 493, 503, 
512, 554, 557, 558, 590, 613, 619, 620, 
621, 643 

Langouw, J. 279, 297, 460, 590 

Larocue, G., cf. Queyrat, L. et G. 
Laroche 

LAURENT, E. 466, 469, 590 

LAUSTSEN, O., cf. Winge, ©. and 
O. Laustsen 

LEBERLE, H. 477, 478, 479, 590 

LEDERER, E. 352, 364; cf. also Ephrussi, 
B. et E. Lederer 

Lex, L. E., cf. Martin, D.S., C. P. Jones, 
Kw" FY Yao andob, (Bi Les 

LerpowiTz, L., ef. Aschner, M., J. 
Mager and L. Leibowitz 

LEPESCHKIN, W. W. 83, 93 

LEUPOLD, U. 42, 49, 84, 93 

LEVAN, A. 38, 49, 50 

Levan, A. and C. G. SANDWALL 38, 50 

Lewis, C. E. 108, 115 

LINDAU, G. 344, 364, 524, 590, 615, 616, 
643 


AUTHOR INDEX 681 


LINDEGREN, C. C. 39, 41, 42, 43, 44, 
46, 48, 50, 59, 75, 118, 140, 227; 
cf. also Mundkur, B. D. and C. C. 
Lindegren; Spiegelman, 8S. and C. C. 
Lindegren; Spiegelman, S., C. C. 
Lindegren and L. Hedgecock 

LINDEGREN, C. C. and G. LINDEGREN 
18, 30, 35, 41, 42, 50; 59, 76, 118, 
227 

LINDER, D. H. 66, 76 

LINDNER, P. 58, 76, 81, 82, 93, 100, 
1017115; 118)123,: 125, 131,.137;:140, 
159, 160, 161, 162, 173, 176, 180, 227, 
232, 233, 234, 238, 239, 247, 307, 308, 
312, 484, 485, 524, 525, 590, 595, 610, 
615, 643 

LINDNER, P. und E. G. GEnoup 233, 
247, 478, 492, 590 

LINDNER, P. und F. STOCKHAUSEN 233, 
247 

LocHHEAD, A. G. 150, 208, 227 

LOcHHEAD, A. G. and L. FARRELL 88, 
93, 150; 208, 227 

LocHHEAD, A. G. and D. A. Heron 150, 
2083) 210,211, 227 

Lockwoop, L. B., ef. Wickerham, 
L. J., L. B. Lockwood, O. G. Pettijohn 
and G. E. Ward 

opp 0210, 12,21, 23, 26,. 28,735, 
G0) Ti, 72. 73,474. 76, 123,°125,.143, 
145, 146, 150, 156, 191, 227, 233, 234, 
243, 247, 248, 251, 253, 264, 273, 280, 
281, 284, 285, 287, 294, 297, 308, 309, 
310, 312, 335, 340, 345, 359, 364, 372, 
376, 381, 382, 383, 384, 386, 389, 390, 
393, 394, 395, 397, 401, 403, 404, 
406, 412, 413, 414, 417, 419, 421, 423, 
437, 438, 440, 442, 443, 444, 445, 477, 
478, 479, 483, 484, 485, 488, 491, 511, 
512, 514, 536, 538, 539, 541, 546, 547, 
590, 591, 597, 598, 599, 600, 601, 604, 
605, 606, 608, 610, 611, 612, 645, 647, 
648, 649, 651, 652, 653, 654, 655, 656, 
657, 658, 659, 660, 661, 663, 664, 666; 
cf. also Diddens, H. A. and J. Lodder; 
Diddens, H. A. und J. Lodder 

Lopper, J. and A. pe MInJER 375, 376, 
395 








Lopper, J. and N. F. pr Vrigs 408, 
409, 438 

Louwac, H. 64, 65, 76 

Low, G. C., ef. Castellani, A. and 
G. C.. Low 

LucHEtTtT1, G., cf. Verona, O. e G. 
Luchetti 

Lupwie, F. 304, 306, 615, 616, 618, 643 

Luu, B. 8. and H. J. Puarr 181, 227 

Lunpin, H. 651, 666; cf. also Nillsson, 
R., L. Enebo, H. Lundin and K. 
Myrbiick 

LUTERAAN, Pu. J., cf. Langeron, M. et 
Ph. J. Luteraan 

MACKINNEY, G., cf. Mrak, E. M., 
H. J. Phaff and G. Mackinney 

MAcKINNON, J. E. 19, 35, 468, 470, 471, 
474, 506, 523, 524, 543, 560, 591; cf. 
also Talice, R. V. y J. E. Mackinnon 

MACKINNON, J. E. and R. C. ARTAGA- 
VEYTIA — ALLENDE 289, 297, 470, 493, 
506, 523, 543, 591 

Mackinnon, J E. y R. C. ArraGa- 
VEYTIA —ALLENDE 19, 35, 648, 664, 
666 

MaGatHAss, O. DE, 620, 622, 643 

Macer, J. 376, 395; cf. also Aschner, 
M., J. Mager and L. Leibowitz 

Macer, J. and M. AscHner 8, 31, 35, 
376, 381, 382, 383, 385, 387, 388, 391, 
393, 395, 405, 406, 438, 469, 591 

MAHDIHASSAN, 8. 586, 591 

Max1, T., cf. Yukawa, M. and T. Maki 

MALAGUZZI—VALERI, O., ef. Verona, 

O. e O. Malaguzzi—Valeri 

MauassxEz, L. 440, 441, 442, 445 

Marcriua, J., G. Auas y E, FEDUCHY 

200, 227 

Marciuua, J. y E. Fepucuy 214, 215, 

227, 386 

Marcitua, J., E. Fepucuy y J. M. 
Gomes 647, 649, 666 

Marenco, T. G. 510, 591 

Martin, D. 8S. 470, 591; ef. also Jones, 
C. P. and D. S. Martin 

Martin, D. S., C. P. Jones, K. F. Yao 
and L. BE. Lee 512, 553, 563, 591 

Marrin, G. W. 56, 64, 70, 76 





682 AUTHOR 


Marvin, G. E., W. H. PETERSON, 
E. B. Frep and H. F. Writson 208, 
227 

Massetot, L., cf. Brault, J. et L. 
Masselot 

Masupa, R., cf. Ota, M. und R. Masuda 

MarTtriet, G. 547, 591 

Mazza, S. y F. L. NriNo 620, 622, 644 

Mazza, 8., F. L. Nino y A. Eats 492, 
591 

Mazza, 8., F. L. NiNo. H. QuINTANA y 
V. BERNASCONI 467, 591 

- McCuune, L. S., cf. Mrak, E. M. and 
L. S. McClung 

McLacuuan, T. 389, 395, 575, 591 

McMaunan, J. R., cf. Williams, R. J., 
R. E. Eakin and J. R. McMahan; 
Williams, R. J., J. R. McMahan and 
R. E. Eakin; Williams, R. J., A. K. 


Stout, H. K. Mitchell and J. R. 


McMahan 

McManus, D. K., cf. Schultz, A. S. and 
D. K. McManus 

Meu, J. W., cf. Evans, E. E. and 
J. W. Mehl 

Menarp, L. 232, 234, 247 

MELLIN, E. and J. A. NANNFELDT 571, 
591, 627, 644 

MELLIGER, R. 136, 137, 191, 227, 310, 
312, 491, 591 

MERTENS, Ap., cf. Janssens, Fr. A. et 
Ad. Mertens 

METSCHNIKOFF, E. 322, 323 

MEYEN, J. 116, 124, 227 

Meyer, J., cf. Hufschmitt, G., A. et 
R. Sartory et J. Meyer; Sartory, A., 
R. Sartory, G. Hufschmitt et J.Meyer; 
Sartory, A., R. Sartory et J. Meyer; 
Sartory, A., R. Sartory, F. Sternon et 
J. Meyer; Sartory, A., R. Sartory, 
J. Weill et J. Meyer 

MICKLE. W. A. and C. P. Jonzs 470, 591 

Minyer, A. DE 375, 395, 409, 438; 
ef. also Lodder, J. and A. de Minjer 

MITCHELL, H. K.., cf. Williams, R. J., 
A..K. Stout, H. K. Mitchell and 
J. R. MeMahan 

Motiscn, H. 28, 35 











INDEX 


Moore, M. 620, 622, 644; cf. also 

Dodge, C. W. and M. Moore 

Morris, M., cf. Thaysen, A. C. and 

M. Morris 

Mosss, A. y G. VIANNA 613, 628, 644 

Morr, E., cf. Kesten, H. D., D. H. Cook, 
E. Mott and J. W. Jobling; Kesten, 
H. D. and E. Mott 

Morra, R. 538, 539, 591 

Mrak, E. M., cf. Bouthilet, R. J., N. E. 
Neilson, E. M. Mrak and H. J. Phaff; 
Phaff, H. J. and E. M. Mrak 

Mrak, E. M. and L. Bonar 16, 35, 282, 
295, 297 

Mrak, E. M. and L. 8S. McCiune 73, 
74,,76, 484, 487, 591 

Mrak, E. M. and H. J. Puarr 62, 64, 
76, 235, 309; 312 

Mrak, E. M., H. J. PHarr, G. MAcKIN- 
NEY 28, 35 

Mrak, E. M., H. J. PHarr and B. L. 
SmitH 73, 76, 487, 591 

Mrak, E. M., H. J. Poarr and R. H. 
VAUGHN 233, 234, 238, 247, 523, 591 

Mraxk; HK. M., i. J. (Pear Hie 
VAUGHN and H. N. HAnseEn 200, 201, 
wade oes 

MUuLuerR, W. 433, 434, 438, 509, 519, 
B25, 591 

Munpkur, B. D. 47, 50 

Munpxkor, B. D. and C. C. LInDEGREN 
47, 50 

Myrsack, K., cf. Nillsson, R., L. Enebo, 
H. Lundin and K. Myrbiack 

Napson, G. A. et A. G. KonoxorTrna 
313, 314, 320, 321, 616, 644 

Napson, G. A. et N. A. KRASSILNIKOV 
OY LD i ee a aS 

Napvson, G. A. et G. S. Puimiprov 315, 
321 

NAGANISHI, H. 123, 127, 130, 143, 145, 
146, 173, 174, 194, 195, 196, 200, 227, 
232, 234, 247, 277, 280, 281, 298 

NAGELI, C. von 251, 252, 273 

NaKAzAwa, R. 82, 83, 935.123, 128, 164, 
167, 227 

NANNFELDT, J. A., 

J. A. Nannfeldt 





ef. Melin, E. and 





AUTHOR INDEX 683 


Nannizzi1, A. 392, 395, 417, 438, 467, 
542, 543, 546, 591, 620, 622, 626, 640, 
644, 647, 648, 655, 656, 666; cf. also 
Pollacei, G. e A. Nannizzi 

NARAYANAN, B. T. 137, 227 

NEGRONI, P. 169, 227, 469, 470, 474, 591 ; 
ef. also Guilliermond, A. et P. Negroni 

NEGRONI, P. y I. Fiscuer 469, 591 

NEGRONI, P. y F. De VintaFANE LASTRA 
640, 644 

NEILSON, N. E., cf. Bouthilet, R. J., 
N. E. Neilson, E. M. Mrak and 
He)... Phaff 

Netson, F. E., cf. Peters, I. I. and 
F. E. Nelson 

NEVEU—LEMAIRE, M. 374, 396, 467, 
475, 591, 619, 620, 621, 644 

Nickerson, W. J., 26, 35, 59, 76, 151, 
BIS SOL eels tools. 200, 294) 237, 
247 

NICKERSON, W. J. and K. V. THIMANN 
59, 76 

Nrewaus, Cu. J. G. 308, 309, 312 

NIEu, C. B. van, cf. Kluyver, A. J. und 
C. B. van Niel 

Nitisson, R., L. Enreso, H. Lunpin 
and K. Myrsack 651, 666 

Ninni, C. e C. Firrrpaupi 476, 591 

Nino, F. L. 374, 376, 396, 467, 498, 591; 
ef. also Mazza, S. y F. L. Nino; 
Mazza, 8., F. L. Nifio y A. Egiies; 
Mazza, S., F. L. Nimo, H. Quintana 
y V. Bernasconi 

NISHIWAKI, Y. 123, 129, 227 

Nowe.uu, W., cf. Ashby, S. F. and 
W. Nowell 

NYBERG, C. 42, 50 

OErHLKERS, F., cf. Schnegg, H. und 
F. Oehlkers 

Ontant, cf. Saito, K. et Ohtani 

OxaBE, Y. 471, 591 

Oxunukl1, K. 343, 345, 347, 358, 359, 
364, 647, 648, 655, 659, 661, 666 

OxtEnov, J. M. 40, 50 

Oxson, H. C. and B. W. HAMMER 348, 
351, 352, 359, 360, 363, 364, 366, 368, 
369, 409, 426, 438, 

Orne, N. G. M. 291, 298, 389, 396, 404, 





409, 438, 477, 491, 498, 541, 558, 592, 
627, 644 

OSTERWALDER, A. 83, 93, 136, 164, 166, 
169, 170, 173, 175, 177, 178, 179, 187, 
188, 203, 204, 205, 227 

Ota, M. 277, 285, 286, 287, 296, 298, 
409, 439, 466, 467, 475, 492, 502, 503, 
512, 518, 519, 528, 535, 554, 592, 619, 
620, 621, 622, 626, 640, 644; ef. also 
Favre, M. et M. Ota; Saito, K. and 
M. Ota 

Ora, M. und SH. Kawarsura 626, 644 

Ota, M. und R. Masupa 586, 592 

OupEmaAns, C. A. J. A. en C. A. PEKEL- 
HARING 442, 445 

Panwa, J., cf. Acton, H. W. and J. Panja 

Paoui, A. 640, 644 

PapaDAKIs, C. R. 239, 247 

Pasteur, L. 397, 478, 592 

PHGLION, V. 324, 325, 331 

Prsu, G., ef. Grigoraki, L. et G. Péju; 
Guilliermond, A. et G. Péju 

PEKELHARING, C. A., ef. Oudemans, 
C. A. J. A. en C. A. Pekelharing 

PEREIRA FILHO 467, 476, 592 

PeRsoon, C. H. 397, 439, 478, 505, 592 

Peters, I. I. and F. E. Newson 550, 592 

PETERSON, W. H., cf. Marvin, G. E., 
W. H. Peterson, E. B. Fred and 
H. F. Wilson 

Perrisoun, O. G., ef. Wickerham, L. J., 
L. B. Lockwood, O. G. Pettijohn and 
G. E. Ward 

Poarr, H. J., cf. Bouthilet, R. J., 
N. E. Neilson, E. M. Mrak and 
Ha J: -Phaft:-Lakh; Bes. and aw; 
Puarr; Mrak, E. M. and H. J. Phaff; 
Mrak, E. M., H. J. Phaff and G: 
Mackinney; Mrak, E. M., H. J. Phaff 
and B. L. Smith; Mrak, E. M., H. J. 
Phaff and R. H. Vaughn; Mrak, E. M., 
H. J. Phaff, R. H. Vaughn and 
H. N. Hansen 

Puarr, H. J. and E. M. Mrag, 15, 
feb, Si 

Puiuiperov, G. 8., ef. Nadson, GaA. 
et G. 8. Philippov 

PreTscHMANN — MeyveER, K., ef. Rippel- 


684 AUTHOR 


Baldes, A., K. Pietschmann— Meyer 
und W. Kohler 

Pisper, A. 308, 309, 310, 312 

Priaut, H. C. 505, 592 

PLimMER, H. G. 375, 396 

Potuacct, G. e A. Nannizzi 413, 439, 
467, 491, 503, 539, 552, 657, 592 

Pomper, S., cf. Schultz, A. S. and S. 
Pomper 

PORCHET, B. 486, 490, 592 

Pricu, BH. A., cf. Carr, 
E. A. Price 

PRINGSHEIM, E. und H. BILEwsktr 647, 
666 

PRINSEN GEERLIGS, H. C., cf. Went, 
F. A. F. C. en H. C. Prinsen Geerligs; 
Went, F. A. F. C. und H. C. Prinsen 
Geerligs 

PrRostosserRDow, N. N. und R. AFrt- 
KIAN 205, 206, 227 

PunKaARI, L. and A. T. HENRICcI 485, 
592 

PuntTonI, V. 619, 620, 621, 622, 626, 
628, 644 

QuEyYRAT, L. et G. LAROCHE 568, 569, 
592 

QuineET, R. I., cf. Fabian, F. W. and 
R. I. Quinet 

QuInQuauD, M. 459, 466, 468, 592 

QuiInTANA, H., cf. Mazza, S., F. L. Nifio, 
H. Quintana y V. Bernasconi 

RABENHORST, L. 640, 644 

Raun, O., cf. Barnes, M. N. und O. Rahn 

RAInBow, C.; cf. Cutts, N. S. and C. 
Rainbow 

Re, S. 289, 298, 484, 487, 592 

Reavumg, S. E. and E. L. Tatum 30, 35 

REDAELLI, P. 123, 127, 183, 227, 374, 
376, 392, 393, 396, 476, 503, 510, 512, 
542, 545, 568, 592; cf. also Ciferri, R. 
and P. Redaelli; Ciferri, R. e P. 
Redaelli; Ciferri, R., P. Redaelli e 
C. Cavallero; Goidanich, Gis TK: 
Ciferri e P. Redaelli 

REDAELLI, P., T. CasTeLiie R. CIFERRI 
498, 592 

REDAELLI, P. e R. Crrerrt 257, 273, 
512, 518, 554, 592, 622, 626, 641, 644 


ih lal, chats 





INDEX 


REDAELLI, P., R. CrrERRI e C. CAVAL- 
LERO 468, 470, 592 

REDAELLI, P., R. CIFERRI e A. GIor- 
DANO 374, 376, 396 

REEss, M. 79, 80, 95, 115, 117, 124, 140, 
153, 154, 228, 307, 312, 466, 477, 478, 
479, 482, 592, 595, 596, 597, 610 

REID, J. D. 377, 396 

REINER, J. M., cf. Spiegelman, 8. and 
J. M. Reiner; Spiegelman, 8., J. M. 
Reiner and R. Cohnberg 

REINER, J. M. and 8S. SPIEGELMAN 46, 
50 

Retss, F. 476, 592 

RemMAkK, R. 300, 302 

RENNERFELT, EF. 571, 592, 618, 636, 
644, 647, 648, 650, 666 

REtTTGER, L. F., cf. Wickerham, L. J. 
and L. F. Rettger 

REvUKAvUF, E. 531, 592 

Ricutrer, A. A. von 210, 228 

Ris, N. J. W. van e O. VERONA 550, 
552, 555, 592 

RrppEL—Baupes, A. 531, 592 

RiprpeL—Baupes, A., K. Pretscu- 
MANN —MEYER und W. KOHLER 532, 
592 

RiscHin, M. 620, 622, 644 

RIvatier, E. et 8. SkypDEt, 12, 13, 35 

Rivouta, S. 441, 445 

Roserts, C. 487, 491, 592; ef. also 
Winge, O. and C. Roberts 

Rosin, CH. 299, 300, 302, 459, 466, 
468, 593 

Ropto, G. 149, 228 

Rosg, C. 8., ef. Dittmer, K., V. du 
Vigneaud, P. Gyérgy and C. 8S. Rose 

Rosz, L..173, 187, 188, 228 

*Rossi, G. DE 479, 593, 608, 610 

RuBENS Dvuvatu, H., ef. Hudelo, L., 
H. Rubens Duval et L. Laederich 

SABOURAUD, R. 440, 441, 442, 443, 445 

SACCARDO, P. A. 70, 76, 163, 165, 228, 
348, 364, 397, 401, 439, 484, 485, 593, 
613, 614, 620, 644 

SaccarpDo, P. A, et P. Sypow 150, 228 

SACCHETTI, M. 123, 131, 143, 145, 146, 
150, 155, 156, 158, 176, 81, 183, 184, 





AUTHOR INDEX 685 


185, 189, 190, 192, 193, 194, 200, 210, 
228, 243, 244, 247 

SAGGESE, V. 466, 593 

Sarre, K- 100, 101, 106, 115, 128, 126, 
128, 142, 143, 144, 172, 173, 174, 177, 
178, 200, 214, 215, 218, 228, 232, 234, 
238, 247, 281, 284, 298, 381, 382, 386, 
388, 389, 396, 413, 414, 439, 518, 523, 
593, 647, 648, 649, 654, 659, 661, 663, 
664, 666 

Sarto, K. et OnTANI 597 

Sarro, K. and M. Ora 285, 287, 298, 
386, 391, 396, 425, 439, 568, 593 

SANDWALL, C. G., ef. Levan, A. and 
C. G. Sandwall 

SANFELICE, F. 372, 374, 375, 396 

Sano, Y., cf. Takahashi, T. and Y. Sano 

SartTory, A. 628, 644, 647, 666; cf. 
also Hufschmitt, G., A. et R. Sartory 
et J. Meyer 

Sartory, A., R. Sartory, G. Hur- 
SCHMITT et J. MEYER 652, 653, 654, 
666 

Sartory, A., R. SartTory et J. MEYER 
655, 658, 667 

Sartory, A., R. Sartory, F. StERNON 
et J. Meyer 419, 439 

Sartory, A., R. SARTORY, J. WEILL et 
J. MEYER 268, 273 

SasaKawa, M. 374, 378, 396 

SCARAMELLA, P. 652, 667 

Scarr, M. P. 151, 210, 228 

ScHACHNER, J. 611, 612 

ScHANDERL, H. 206, 207, 228 

Scutmon, O. 344, 364, 649, 655, 667 

ScHIONNING, H. 86, 93, 97, 99, 115, 299, 
302, 451, 456, 457, 458 

ScunecaG, H. und F. OFHLKERS 123, 130, 
228 

ScHNEIDER, A. 325, 326, 331 

SCHOELLHORN, C. 530, 531, 593 

ScHOEN, M., ef. Fernbach, A. et M. 
Schoen 

ScuouTEeN, S. L. 349, 364 

Scurorerer, J., cf. Cohn, F. und J. 
Schroeter 

Scuuitz, A. 8S. and L. ATKIN 8, 35 

Scuutrz, A.S. and D. K. McMANnuws 8, 35 








Scuuttz, A. 8. and S. Pomprr 7, 35 

Scuuster, V. und V. Unenta 531, 593 

ScHwann, T. 1, 116, 228 

ScHwarTz, E., cf. Blanchard, R., E. 
Schwartz et J. Binot 

SCHWEIZER, CH. 218, 228 

Scott, W. J. 541, 573, 575, 593, 619, 
644; cf. also Empey, W. A. and W. 
J. Scott 

ScRIVANI, P. 233, 234, 247, 479, 593 

SEGRETAIN, G., cf. Drouhet, E., G. Sé- 
gretain et J. P. Aubert 

SEILER, 8. 380, 396 

SEYDEL, 8., cf. Rivalier, E. et 8S. Seydel 

SHaw, F. W. 467, 476, 593 

SHEAR, C. L., cf. Clements, F. C. and 
C. L. Shear 

SHIMWELL, J. L. 446, 458 

SHREWSBURY, J. F. D. 493, 593 

Simons, R. D. G. PH. 626, 627, 644 

Sineu, J., cf. Dastur, F. and J. Singh 

SKINNER, C. E. 13, 35, 37, 40, 50, 57, 74, 
AGW anONO40) Gils oles fobs, te o0; 
390, 396, 397, 398, 401, 402, 403, 404, 
405, 406, 411, 412, 414, 419, 420, 421, 
423, 439, 446, 458, 460, 468, 469, 470, 
512, 526, 593 

SKINNER, C. E. and R. BouTHILET 22, 
35 

SxovstEepD, A. 38, 50, 318, 321 

Smit, J. 632, 634, 644 

Smiru, B. L., cf. Mrak, E. M., H. J. 
Phaff and B. L. Smith 

SNELL, E. E., R. E. Eaxin and R. J. 
WILLIAMS 136, 228 

SoLiER 322 

SONNEBORN, T. M. 38, 50 

SPIEGELMAN, 8., cf. Reiner, J. M. and 
S. Spiegelman 

SPIEGELMAN, S. and R. Dunn 46, 50 

SPIEGELMAN, 8. and C. C. LINDEGREN 
40, 46, 50, 83, 94 

SPIEGELMAN, S., C. C. LINDEGREN and 
L. Hepcecock 46, 50 

SPIEGELMAN, S. and J. M. REINER 46, 
50 

SPIEGELMAN, S8., J. M. Rerner and 
R. CoHnBERG 47, 50 


686 AUTHOR INDEX 


SPLENDORE, A. 620, 644 

STAREMY. Re 1.) 16,935; (57, 76; cca, 
334, 337, 338, 339, 340 

STARKEY, R. L. and A. T. Henricti 651, 
667 

Strautz, W. 524, 525, 593, 613, 615, 616 
630, 632, 644 

STEINER, J. M. 123, 126, 130, 169, 218, 
219, 228 

STELLING — DEKKER, N. M. 20, 21, 26, 
27/32, 52, 57, 58, 60, 76, 79, 80,-81, 
83, 93, 94, 95, 96, 98, 100, 101, 106, 
108, INO, 110, LISS Tide TIsSi117, 118, 
123, 124, 125, 126, 127, 128, 129, 130, 
£315 134, 135,136, 1377138, 139, 141, 
142, 144, 145, 146, 149, 150, 151, 153, 
155, 159, 160, 161, 162, 163, 164, 165, 
166, 169, 170, 172, 173, 174, 175, 177, 
178, 179, 180, 181, 183, 187, 188, 189, 
190, 192, 193, 194, 195, 196, 197, 198, 
200, 203, 204, 206, 207, 210, 216, 217, 
218, 219, 224, 228, 231, 232, 233, 234, 
236, 237, 239, 241, 243, 246, 247, 248, 
249, 251, 252, 253, 255, 256, 257, 258, 
260, 262, 263, 272, 273, 274, 275, 276, 
277, 278, 280, 281, 283, 284, 285, 286, 
287, 289, 298, 299, 302, 303, 304, 306, 
307, 309, 310, 312, 314, 315, 317, 318, 
320, 321, 325, 327, 329, 330, 331, 471, 
578, 579, 593, 615, 616, 618, 644 

STEMPELL, K. L. 64, 65, 66. 76 

STENVERS, H..W. 380, 396 

STERNON, F.,, cf. Sartory, A., R. Sartory, 
F. Sternon et J. Meyer 

STOCKHAUSEN, F., cf. Lindner, P. und 
F. Stockhausen 

STODDARD, J. L. and E. C. Curter 374, 
376, 396 

Stoner, K. and L. P. Garrop 470, 593 

Stout, A. K., cf. Williams, R. 4 Jers eal oe 
Stout, H. K. Mitchell and J. 13 
McMahan 

STOVALL, W. D., ef. Almon, L. and 
W. D. Stovall 

StTovatit, W. D. and A. A. Busouz Sh fe 
35, 493, 553, 593 

SUBRAMANIAM, M. K. 38, 50 

Sypow, H. 314, 315, 321 





Sypow, H. und P. Sypow 232, 247, 
248, 251, 252, 258, 273, 530, 531, 593 

Sypow, P., cf. Saccardo, P. A. et 
P. Sydow 

SZILVINYI, A. von 539, 593 

TAKAHASHI, T. and Y. SAno 150, 228 

TAKAHASHI, T. and M. YuKawa 142, 
143, 144, 149, 228 

Tauice, R. V., cf. Langeron, M. et 
R. V. Talice 

TaLicE, R. V. y J. E. Mackinnon 
469, 492, 593 

Tanicucui, Y. 557, 593 

TANNER, jr, F. W., CH. VosNnovicu 
and J.M.van LANEN 415, 439, 520,593 

Tatum, E. L., cf. Reaume, S. E. and 
EK. L. Tatum 

TAUSCHANOFF, W., cf. Krumbholz, G. 
und W. Tauschanoff 

Taytor, F. E., cf. Castellani, A. and 
F. E. Taylor 

TcouaneG, J. L., cf. Fromageot, C. et 
J. L. Tehang 

THAYSEN, A. C. and M. Morris 38, 50, 
546, 547, 549, 593 

THIMANN, K. V., cf. Nickerson, W. J. 
and K. V. Thimann 

THompson, E. T., cf. Castellani, A., 
M. Douglas and E. T. Thompson 

THORNLEY, B. D., cf. Allen, L. A. and 
B. D. Thornley 

Topp, R. L. and W. W. Herrmann 
374, 376, 378, 396 

TRAUTWEIN, K. und J. WasseERMANN 
129, 228 

TRUPER, E. 187, 228, 512, 593 

TURPEINEN, O. 618, 644 

Turpin, P. J. F. 397, 439 

UpEN, N. van 398 

Utena, V., cf. Schuster, V. 
Ulehla 

Unna, P. G. 441, 442, 445, 626, 640, 
644 

VANTERPOOL, T. C., ef. Buller, A. H. R. 
and T. C. Vanterpool 

VauCHER, cf. Beurmann, L. de, H. 
Gougerot et Vaucher 

Vauaun, R. H., cf. Mrak. E. M., 


und V. 





AUTHOR INDEX 687 


BH. J. Phaffand R. H. Vaughn; 
Mrak, E. M., H. J. Phaff, R. H. 
Vaughn and H. N. Hansen 

VERBUNT, J. A., cf. Boedijn, K. B. and 
J. A. Verbunt 

VERDUN, P. 374, 376, 396 

VERONA, O. 224, 306, 352, 364, 559, 
593, 651, 667; cf. also Ciferri, R. and 
O. Verona; Rij, N. J. W. van e O. 
Verona 

Verona, O. and R. Crrerrt 559, 593 

VERONA, O. e R. CIFERRI 343, 345, 347, 
348, 350, 351, 352, 353, 354, 356, 357, 
358, 359, 360, 364 

VERONA, O. e G. FLORENZANO 423, 424, 
439, 488, 593 

Verona, O. e G. LUCHETTI 381, 382, 396 

Verona, O. e O. MatacuzzI—VALERI 
517, 593 

ViANnNA, G., cf. Moses, A. y G. Vianna 

VIGNEAUD, V. Dv, cf. Dittmer, K., V. 
du Vigneaud, P. Gyérgy and C. S. 
Rose; Winzler, R. J., D. Burk and 
V. du Vigneaud 

VILLAFANE Lastra, F. DE, cf. Negroni, 
P. y F. de Villafame Lastra 

Vosnovicn, Cu., cf. Tanner jr, F. W., 
Ch. Vojnovich and J. M. van Lanen 

VORDERMAN, A. G. 83, 94 

Vaiss, N. F. px, cf. Lodder, J. and 
N. F. de Vries 

VurmiEMiIn, PP; 65; 74, 76, 371, 372, 374; 
375, 396, 471, 478, 502, 538, 539, 558, 
593, 614, 620, 621, 622, 626, 640, 644, 
652, 667 

Watt, J. P. VAN DER 30, 35, 487, 593 

WARD, F. J. and J. L. BAKER 164, 166, 
228 

Warp, G. E., cf. Wickerham, L. J., 
L. B. Lockwood, O. G. Pettijohn and 
G. E. Ward 

WASSERMANN, J., cf. Trautwein, K. und 
J. Wassermann 

WezseEr, U. 32, 35, 251, 252, 262, 273 

WeuMER, C. 82, 83, 94 

WerpMAN, F., cf. Freeman, W. and 
F. Weidman 


Werrpman, F. D. 443, 444, 445 





i 


WEIGMANN, H. und A. Wo.rr 619, 621, 
644 

WELL, P. E. et L. Gaupin 557, 558, 593 

WEILL, J., cf. Sartory, A., R. Sartory, 
J. Weill et J. Meyer 

Weiss, J. 374, 375, 396 

Went, F. A. F. C. en H. C. Prinsen 
GEERLIGS 123, 125, 228, 251, 252, 273 

WENT, F. A. F. C. und H. C. Prrnsen 
GEERLIGS 125, 228, 252, 273 

WeErFF, P. J. VAN DER 640, 644 

WETTSTEIN, R. von 347, 364 

WICKERHAM, L. J. 4, 5, 7, 12, 14, 22, Zoe 
26, 35, 43, 50, 109, 110, 115, 191, 248, 
249, 256, 258, 260, 262, 264, 266, 268, 
270, 271, 273; cf. also Fabian, F. W. 
and L. J. Wickerham 

WICKERHAM, L. J. and K. A. Burton 
4,9, tsi a0; 24, 27,25, 206); 2o2 264, 
268, 270, 271, 273, 494, 519, 547, 593 

WIcCKERHAM, L. J. and BE, Duprar 12, 
35, 89, 92, 94 

WICKERHAM, L. J. and F. W. FasBian 
2das9275 

WICKERHAM, L. J., M. H. Fuickincer 
and K. A. Burton 16, 35 

WICKERHAM, L: J., R. J. Guu and 
K. A. Burton 42, 50, 249, 273 

WICKERHAM, L. J., L. B. Lockwoop, 
O. G. PerrisoHN and G. E. Warp 
Lote S 

WICKERHAM, L. J. and L. F. RETTGER 
470, 593 

WIEBEN, M. 64, 65, 76 

Wiupiers, E. 137, 229 

Wises, A. E. 180, 229 

WivHetmyi, A. 300, 302 

Wut, H. 123, 125, 162; 164, 2295344, 
364, 460, 477, 478, 479, 593, 594, 657, 
667 

WiuiAMs, R. J., cf. Snell, E. E., R. E. 
Eakin and R. J. Williams 

WituraMs, R. J., R. E. Eaxin and 
J. R. McMawan 135, 229 

WituraMs, R. J., J. R. McManwan and 
R. E. Eaxin 138, 229 

Wru1aMs, R. J., A. K. Strout, H. K. 
MrrcHettandJ.R.McManan 135,229 


688 AUTHOR INDEX 


Wuiutson, H. F., cf. Marvin, G. E., 
W. H. Peterson, E. B. Fred and 
H. F. Wilson 

Winpiscu, S. 73, 76, 80, 92, 94, 347, 
348, 361, 363, 364, 398, 439, 486, 487, 
490, 491, 506, 513, 547, 549, 594 

WInGaARD, S. A. 325, 326, 331 

Wince, 0. 39, 40, 41, 43, 44, 45, 48, 
50, 59, 76, 118, 130, 139, 140, 172, 174, 
193, 211, 229, 304, 306 

Wines, O. and A. Hsorr 137, 142, 168, 
172; 229, 237, 243, 247, 260, 262, 273, 
311, 312, 510, 594, 599, 610 

Winag, O. and O. Laustsen 19, 35, 39, 
40943-4795 :50,-69,°76,c118, .135, 172, 
229, 304, 306 

Wince, O. and C. Ropers 30, 35, 42, 
43, 46547, 48, 50, 140, 164, 193, 211, 
229 

WINTER, G. 300, 302 

WINZLER, R.J., D. Burk and V. pu 
VIGNEAUD 138, 229 

Wo.rr, A., cf. Weigmann, H. und 
A. Wolff 

Wo.uFraM, S. und F. Zacu 123, 131, 
229, 290, 298, 374, 377, 379, 391, 392, 





396, 467, 512, 517, 550, 553, 557, 594, 
655, 656, 657, 658, 667 

Woop, cf. Brewer and Wood 

WortTMANN, J. 139, 229 

YABE, K. 23, 125, 229, 345, 364, cf. also 
Kosai, Y. und K. Yabe 

Yao, K. F., ef. Martin, Do 8.2.0.8 
Jones, K. F. Yao and L,. E. Lee 

Yen, A. C. H. and T. J. Kurorcuimw 
469, 594 

YuxKawa, M., cf. Takahashi, T. and 
M. Yukawa 

YuKawa, M. and T. Maxr 89, 92, 94 

ZACH, F., cf. Brandt, R. und F. Zach; 
Wolfram, 8S. und F. Zach 

ZENDER, J. 97, 98, 106, 115, 232, 233, 
234, 247, 251, 252, 258, 273, 274, 276 

ZENGER, E., cf. Fink, H. und E. Zenger 

ZIKES, H. 307, 312, 404, 439, 595, 610 

ZIMMERMANN, J. 231, 238, 247, 292, 
293, 298, 389, 396, 478, 479, 559, 594, 
609, 610 

ZIMMERMANN, J. G. 136, 137, 139, 140, 
169, 229 

Zorpr, W. 280, 298, 466, 469, 594 


INDEX TO THE NAMES OF TAXA 


The names of orders, families, subfamilies, tribes, species and varieties accepted 
by the authors are indicated with an asterisk. 


The numbers of the pages referring to diagnoses are printed in bold type. 


Amphiernia rubra Griiss 348, 349, 352 


Anthomyces 531, 583 

— alpinus Griiss 558 

— reukaufii Griiss 530, 531 

— ruber Griiss 352 

Apiotrichum 525 

— porosum Stautz 524, 525, 528 

Ascoidea 61 

Ascomycetes 2, 51, 56, 62, 64, 117 

Ashbya 60, 61, 325 

Asporomyces 73, 487 

— uvae Mrak et McClung 484, 487, 
488, 491 


Atelosaccharomyces breweri Verdun 374, 


376 

—  busse-buschki de Beurm. et Gouge- 
rot 374, 375 

— guttulatus (Robin) de Beurm. et 
Gougerot 300 

— hominis (Vuill.) Verdun 374 

— hudeloi de Beurm. et Gougerot 286 

— paratropicalis (Cast.) Froilano de 
Mello et Gonzaga Fernandes 502 

— pseudotropicalis (Cast.) Froilano de 
Mello et Gonzaga Fernandes 512 

— tropicalis (Cast.) Froilano de Mello 
et Gonzaga Fernandes 502 


Basidiomycetes 62, 64, 65, 66, 365 

Blastodendrion 519 

— aereum Cif. et Red. 654 

— arzi Ota 519 

— brumpti Lang. et Guerra 561, 563 

— canis vy. Szilvinyi 539, 541 

— vcarbonei Cif. et Red. 655, 658 

— eutaneum (Ota) C. W. Dodge 467 
erectum Lang, et Talice 467, 475 


44 


Blastodendrion favrei (Ota) Lang. et 
Talice 467 
— flareri Cif. et Red. 414, 561 
— globosum Zach 553, 557 
— gracile Zach 553, 557 
— guilliermondi (Cast.) Guerra 518, 
585 
— intermedium Cif. et Ashf. 448, 517, 
558, 559, 561 
— intestinale Mattlet var. epidermi- 
cum Cif. et Alfonseca 553, 557 
— krausi Ota 518, 519 
— macedoniensis (Cast. et Chalmers) 
Lang. et Guerra 535 
— macroglossiae (Cast.) Lang. et 
Guerra 538, 541, 561 
— oosporoides Zach 467, 473, 476 
— pinoyi (Cast.) Lang. et Talice 466 
— ~pinoyisimilis (Cast.) Cast. et Ja- 
cono 467 
— procerum Zach 512, 517 
— simplex Cif. et Red. 655, 658 
Blastoderma 342, 479 
— salmonicolor Fischer et Brebeck 
342, 343, 344 
Blastomyces lithogenes (Sanf.) Sasakawa 
374 
— neoformans (Sanf.) Arzt 374, 379 
* Brettanomyces 8, 14, 19, 23, 27, 33, 34, 
68, 69, 72, 257, 370, 424, 427, 
428, 429, 430, 431, 432, 437, 
446 —458, 670 
*_ qnomalus Custers 447, 453, 454, 455 


*_ bruwellensis Kuff. et v. Laer 446, 
447, 448—451 (449), 452, 458 
*  bruxellensis Kuff. et v. Laer var. len- 


tus Custers 447, 448, 450, 451,457 
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* Brettanomyces bruxellensis Kuff. et v. 
Laer var. non-membranaefaciens 
Custers 447, 448, 451 

— claussenii Custers 429, 447, 456, 
457 

— jtalicus Verona et Florenzano 33, 
423, 424, 425 

*_ lambicus Kuff. et v. Laer 257, 446, 

447, 448, 452, 453 
— sphaericus Etchells et Bell 34, 430, 
437 
— versatilis Etchells et Bell 34, 427, 
430, 431, 432, 437 
* Bullera 18, 28, 31, 45, 63, 66, 75, 341, 
365 —369 
*__ alba (Hanna) Derx 365, 366, 367, 
368, 369 
*_  grandispora Derx 365, 366, 368 


*Candida 10, 12, 14, 23, 32, 68, 69, 72, 
73, 74, 370, 382, 385, 407, 416, 
459 —594, 627, 672 
— alba (Querat et Laroche) de 
Almeida 569 
— albicans (Robin) Basgal 466 
*_. albicans (Robin) Berkh. 29, 114, 
459, 460, 464, 466—477 (471), 
493, 605, 510, 511, 553, 564, 
573, 579, 580, 581, 586 
-- albicans (Robin) Berkh. var. stel- 
latoidea (Jones et Martin) Did- 
dens et Lodder 471, 563, 564, 
566, 586 
— alddi (Pereira Filho) Cast. et 
Jacono 467, 469 
— arborea nom. nud. 510, 511, 549 
— balzeri (Gougerot et Burnier) de 
Almeida 620 
— bonordenii (Vuill). Basgal 502 
— brasiliensis (de Magalhées) Basgal 
620 
—  bronchialis (Cast.) Basgal 502, 504 
*—  brumptii Lang. et Guerra 461, 462, 
465, 561, 562, 563 
— butantanensis (Gomes) Lang. et 
Talice 503 
— catenulata Diddens et Lodder 461, 
462, 566, 567, 568 


Candida chalmersi (Cast.) Basgal 523, 
524, 554, 555, 557 

— chevalieri (Guill.) Berkh. 492 

— chevalieri (Guill.) Westerdijk 492 


* - claussenti nov. spec. 461, 464, | 


578—581 (579), 586, 672 

— curvata (Diddens et Lodder) nov. 
comb. 31, 461, 465, 528, 576, 
577, 578, 586 

— deformans (Zach) Lang. et Guerra 
550 

— dendritica (Cif. et Red.) C. W. 
Dodge et Moore 492 

— desidiosa Cif. et Red. 468, 476 

— enterica (Cast.) de Almeida 503 

— favrei (Ota) de Almeida 467 

— flarert (Cif. et Red.) Lang. et 
Guerra 289, 414, 415, 416 


*_  guilliermondii (Cast.) Lang. et 


Guerra 27, 461, 463, 506, 509, 
511, 518—524 (520), 547, 555, 
558, 582,’ 583, 585, 686)" 672 


*_ guilliermondii (Cast.) Lang. et 


Guerra var. membranaefaciens 
nov. var. 20, 461, 463, 518, 520, 
522, 523, 524, 586, 672 

— guilliermondii (Cast.) Lang. et 
Guerra var. nitratophila Diddens 
et Lodder 519, 520, 523, 546, 
547, 549, 586 

— heveanensis (Groenewege) Diddens 
et Lodder 381, 385, 394, 577, 
578, 586 

— heveanensis (Groenewege) Diddens 
et Lodder var. curvata Diddens 
et Lodder 576, 577, 578, 586 

— humicola (Daszewska) Diddens et 
Lodder 31, 461, 465, 524—528, 
(526), 578 

— insolita (Cast.) Graziano 503, 510 

— «ntermedia (Cif. et Ashf.) Lang. et 
Guerra 414, 416, 448, 461, 464, 
559, 560, 561 

— japonica Diddens et Lodder 461, 
465, 568, 569 

— kefyr nom. nud, 503, 510 

— kochii (v. Wettstein) Basgal 348 

— kruset (Cast.) Basgal 493 
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*Candida krusei (Cast.) Berkh. 20, 31, 


74, 460, 462, 482, 492499 (495), 
' 554, 557, 586 
kruseit (Cast.) Berkh. var. van- 
laeriana (Lindner et Genoud) 
Diddens et Lodder 478, 482, 
483, 484, 494, 497, 586 
lipolytica (Harrison) Diddens et 
Lodder 32, 33, 461, 465, 550—553 
macedoniensis (Cast. et Chalmers) 
Berkh. 155, 156, 158, 461, 463, 
513, 514, 535—538 (536) 
melibiosi nov. spec. 461, 464, 522, 
523, 582—586 (583), 672 
melibiosi nov. spec. var. mem- 
branaefaciens nov. var. 461, 
464, 582, 583, 585, 586, 673 
melinii Diddens et Lodder 461, 
462, 463, 465, 569, 570, 571 
mesenterica (Geiger) Diddens et 
Lodder 460, 465, 499 —502 
metalondinensis (Cast. et Chalmers) 
Berkh. 466 
monosa (Kluyver) Diddens_ et 
Lodder 492, 494, 497, 586 
mortifera Red. 512, 517 
mortifera Red. var. a Red. 512, 517 
mycoderma (Reess.) nov. comb. 
20, 73, 237, 460, 465, 477 —484 
(480), 494, 497, 541, 586 
mycotoruloidea Red. et Cif. 468,476 
nivea (Cast.) Basgal 503 
olea v. Rij et Verona 550, 552, 553 
parakruset (Cast. et Chalmers) 
Lang. et Guerra 492, 524, 554, 
557 
parapsilosis (Ashf.) de Camargo 
554 
parapsilosis (Ashf.) Lang. et Talice 
461, 462, 463, 464, 498, 522, 524, 
553 —559 (555), 561, 562, 586 
parapsilosis (Ashf.) Lang. et Talice 
var. intermedia v. Rij et Verona 
461, 462, 463, 522, 553, 555, 
556, 558, 559, 586 
paratropicalis (Cast.) Basgal 502 
pelliculosa 2ed.' 256, 461, 464, 
542 —546 (544) 
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*Candida pelliculosa Red. var, cylindrica 


Diddens et Lodder 461, 464, 
542, 544, 545, 546 

pinoyisimilis (Cast.) Cast. et 
Jacono 467 

pseudotropicalis (Cast.) Basgal 32, 
156, 181, 183, 460, 462, 512 — 
518 (514), 536, 537, 538 

pseudotropicalis (Cast.) Lang. et 
Guerra 513 

pseudotropicalis (Cast.) Basgal var. 
lactosa (Harrison) Diddens et 
Lodder 32, 460, 462, 512, 513, 
514, 516, 517, 586 

psilosis (Ashf.) de Almeida 466, 
511 

pulcherrima (Lindner) Windisch 
30, 289, 397, 460, 462, 463, 
484—491 (488), 506, 534 

pulmonalis (Cast.) Basgal 503 

ravauti Lang. et Guerra 561, 562, 
563 

reukaufit (Griiss) Diddens et Lod- 
der 461, 462, 530—535 (532) 

robusta Diddens et Lodder 134, 
461, 464, 571, 572, 573 

rotundata (Cast.) Basgal 619 

rugosa (Anderson) Diddens_ et 
Lodder 461, 465, 528, 529, 530, 
566, 619 

scottii Diddens et Lodder 461, 
465, 573 —575 

solani nov. spec. 461, 462, 463, 
581, 582, 586, 672 

stellatoidea (Jones et Martin) Lang. 
et Guerra 461, 463, 471, 563 — 
566 (564), 586 * 

suaveolens Lang. et Guerra 524, 
526 

suaveolens (Lindner) Cif. 524, 525, 
526 

tenuis Diddens et Lodder 461, 462, 
575, 576 

triadis (Lang. et Talice) Lang. et 
Guerra 467 

tropicalis (Cast.) Berkh. 460, 464, 
486, 493, 502—512 (507), 538, 
549, 557, 559 
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*Candida tropicalis (Cast.) Berkh. var. 
lambica (Harrison) Diddens et 
Lodder 460, 464, 502, 503, 506, 
507, 508, 509, 511, 512 

— tropicalis (Cast.) Berkh. var. rhagii 
Diddens et Lodder 506, 509, 
518, 519, 523, 586 

*__  ytilis (Henneb.) nov. comb. 38, 
461, 463, 506, 511, 520, 546— 
550 (547), 586 

— vulgaris Berkh. 503, 505, 506 

*_  zeylanoides (Cast.) Lang. et Guerra 
461, 465, 538—541 (540), 586 

Candidaceae 486 

Candidoideae 72 

Castellania 487 

— alba (Cast. et Chalmers) C. W. 
Dodge 466 

— bronchialis (Cast.) C.W. Dodge 502 

— castellanii (Re) C. W. Dodge 484 

— chalmersi (Cast.) C. W. Dodge 554 

— copellii (Neveu-Lemaire) C. W. 
Dodge 467 

— decolorans (Cast. et Low) C. W. 
Dodge 466 

— enterica (Cast.) C. W. Dodge 503 

— faecalis (Cast.) C. W. Dodge 503 

— quilliermondi (Cast.) C. W. Dodge 
518 

— insolita (Cast.) C. W. Dodge 503 

— kartulisi C. W. Dodge 498, 557 

— macedoniensis (Cast. et Chalmers) 
C. W. Dodge 535 

— macedoniensoides (Cast. et Taylor) 
C. W. Dodge 535 

— metalondinensis (Cast. et Chalmers) 
C. W. Dodge 466 

— metatropicalis (Cast. et Chalmers) 
C. W. Dodge 503 

— nabarroi (Cast. et Chalmers) C. 
W. Dodge 466 

— nivea (Cast.) C. W. Dodge 503 

— parakrusei (Cast. et Chalmers) 
C. W. Dodge 492 

— paratropicalis (Cast.) C. W. Dodge 
502 

— pseudoguilliermondi (Cast. et 
Chalmers) C. W. Dodge 518 


Castellania pseudolondinensis (Cast. et 
Chalmers) C. W. Dodge 467 

— pseudolondinoides (Cast. et Chal- 
mers) C. W. Dodge 467 

— pseudometalondinensis (Cast. et 
Chalmers) C. W. Dodge 467 


— pseudotropicalis (Cast.) C. W. 
Dodge 512 

— pulmonalis (Cast.) C. W. Dodge 
503, 510 


— richmondi (Shaw) C. W. Dodge 467 

— tropicalis (Cast.) C. W. Dodge 502 

Chromotorula 382, 390, 645, 659, 661 

— aurantiaca (Saito) Harrison 659 

— aurea (Saito) Harrison 381 

— flava (Saito) Harrison 661 

— luteola (Saito) Harrison 389 

Cintractia montagnet 67 

*Coccidiascus 53, 56, 60, 62, 77, 332 

*_ — legeri Chatton 332 

Coccidioides brasiliensis (Splendore) de 
Almeida 620 

*Oryptococcaceae 2, 4, 6, 51, 67, 68, 70, 
71, 370 

*Cryptococcales 67, 70 

*Cryptococcoideae 68, 72, 371 

*Cryptococcus 8, 28, 31, 49, 68, 71, 74, 
75, 334, 335, 370, 371—396, 
397, 398, 401, 403, 409, 412, 413, 
414, 421, 435, 441, 474, 475, 
487, 539, 578, 586, 648, 652, 
656, 670 

— aerius (Saito) Nann. 413 

— aggregatus Anderson 530 

*— albidus (Saito) Skinner 372, 373, 
386 —389 (387), 394 

— bacillaris (Kr. et Krumbh.) 
Skinner 423 

—  breweri (Verdun) Cast. et Chalmers 


374 
— bronchialis (Cif. et Red.) Nann. 
647 


— candidus (Saito) Skinner 414 
—  castellanii (Re) Cast. 289, 484, 487 
— cerebriloculosus Freeman et Weid- 
man 374 
colliculosus (Hartmann) Skinner 
401 
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Cryptococcus copellii Neveu-Lemaire 


467, 475 

corallinus <A. et R. Sartory, 
Hufschm. et Meyer 652, 653, 654 

costantint Froilano de Mello et 
Gonzaga Fernandes 374, 375 

dattilus (Kluyver) Skinner 406 

dermatitidis Gilchr. et Stokes 419 

diffluens (Zach) nov. comb. 372, 
373, 388, 391 —394 

farinae nom. nud. 284 

favrei (Ota) Poll. et Nann. 467 

flavescens (Saito) Skinner 381 

glabratus Anderson 407, 408 

glutinis Fres. 647 

gropengiessert (Harrison) Skinner 
419 

guttulatus Robin 299, 300 

holmuw (Jérg.) Skinner 402 

hominis Vuill. 372, 374, 375, 376, 
379 

hominis Vuill. var. hondurianus 
Cast. 374 

hondurianus Cast. 374 

interdigitalis Poll. et Nann. 491 

kartulisi nom. nud, 498 

kefyr (Beijerinck) Skinner 512 

kleini (Weiss) Cohn 374 

krausi Ota 519 

laurentii (Kuff.) Skinner 372, 373, 
381 —385(383), 394, 578, 662, 666 

laurentii (Kuff.) Skinner’ var. 
flavescens (Saito) nov. var. 372, 
373, 381, 382, 383, 384, 385, 394 

laurentii (Kuff.) Skinner var. 
magnus nov. var. 372, 373, 381, 
384, 385, 394, 670 

lipoferus (den Dooren de Jong) 
Skinner 335 

lithogenes (Sanf.) Vuill. 374 

ludwigi Anderson 654, 655, 656, 
657, 658 

luteolus (Saito) Skinner 372, 373, 
389, 390, 391, 394 

macroglossiae Cast. 538, 541 

malassezi Benedek 441, 442 

mena Fontoynont et Boucher 652, 
653, 654 


Cryptococcus meningitidis C. W. Dodge 
374, 376 
— minor Poll. et Nann. 417, 419 
— molischianus (Zikes) Skinner 404, 
405 
— nasalis (Harrison) C.W. Dodge 374 
*_— neoformans (Sanf.) Vuill. 371, 372, 
373 —380 (377), 390, 391, 392, 
394, 476 
*— neoformans (Sanf.) Vuill. var. 
uniguttulatus (Zach) nov. var. 
372, 373, 378, 379, 380, 394 
— pararoseus Cast. 655, 658 
— pinoyisimilis Cast. 467 
— plimmeri (Costantin) Neveu- 
Lemaire 374 
— psicrophylicus Nino 374, 376, 380 
— pulverulentus nom. nud. 348, 349, 
352 
— radiatus A. et R. Sartory et Meyer 
655, 658 
— rotundatus (Red.) Nann. 392 
— ruber (Demme) Vuill. 652, 653 
— rubrorugosus Cast. 655, 657 
— sanniei (Cif. et Red.) Nann. 655 
— sphaericus (Hammer et Cordes) 
Skinner 411, 412 
—  stellatus (Kr. et Krumbh.) Skinner 
420 
— tonsillae (Carnevale-Ricci) Nann. 
542 
— «wvae Poll. et Nann. 538, 539, 541 
Cylindrium suaveolens (Krzemecki) 
Burns 524 


*Debaryomyces 15, 16, 17, 18, BL 2b, Oo. 

54, 58, 74, 78, 127,189, 191, 
195, 202, 277 —298, 376 

— cavensis Giovannozzi 280, 281, 
283, 284, 296 

— dekkeri Mrak, Phaff, Vaughn et 
Hansen 200, 201, 202 

— disporus (Beijerinck) Dekker 195, 
197 

— emphysematosus Ota 285, 287, 297 

— fabryi Ota 285, 286, 287, 289, 296 

— fabryi Ota var. tremoniensis (Ota) 
C. W. Dodge 285 
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Debaryomyces globosus Klécker 58, 187, 
189, 191, 277, 278, 296 

— gruetzii Ota 285, 287, 289, 297 

— guilliermondii Dekker 280, 281, 
283, 284, 296 

— guilliermondii Dekker var. nova- 
zeelandicus Lodder 280, 281, 


284, 296 

*_ hansenii (Zopf) nov. comb. 20, 
277, 279, 280—285 (282), 289, 
296, 297, 490 

— hildegaardi Ota 285, 286, 287, 289, 
296 


— hominis (Vuill.) Todd et Herrmann 
374, 376, 380 
— hudeloi da Fonseca 285, 286, 287, 
289 
*_ kloeckeri Guill. et Péju 279, 280, 
285 —290 (287), 291, 296, 418, 
487 
— kloeckeri Guill. et Péju_ var. 
hudeloi (da Fonseca) Dekker 
285, 297 
— kloeckeri Guill. et Péju var. major 
Lodder 285, 287, 289, 297 
—  laedegaardi Ota 285, 286, 287, 296 
— leopoldi Ota 285, 286, 287, 296 
— lundsgaardi Ota 285, 286, 287, 296 
-— mandshuricus Naganishi 123, 127, 
136 
-- marylandii Giovannozzi 294, 296, 
297 
— matruchoti Grigoraki et Péju 285, 
286, 287, 289, 290, 291, 296 
— matruchoti Grigoraki et Péju var. 
cesarit Dekker 285, 287, 289, 296 
— matruchoti Grigoraki et Péju var. 
subglobosus Zach 290 
— membranaefaciens Naganishi 280, 
281, 284, 294, 296 
— membranaefaciens Naganishi var. 
hollandicus Lodder 294, 296, 297 
— mucosus Hufschm., A. et R. 
Sartory et Meyer 416 
— neoformans (Sanf.) Red., Cif. et 
Giordano 374, 376 
— nicotianae Giovannozzi 20, 279, 
294, 295, 296, 297 


Debaryomyces nicotianae Giovannozzi 
var. minor Giovannozzi 294, 
296, 297 

— sake Saito et Ota 285, 287, 289, 297 

— ~ subglobosus (Zach) nov. comb, 279, 
280, 290, 291, 297 

= tremoniensis Ota 285, 286, 287, 297 

— tyrocola Konokotina 280, 281, 283, 
284, .285, 289, 296 

— tyrocola Konokotina var. hansenii 
(Zopf) Dekker 280, 296 

— vini Zimmermann 279, 280, 292 — 
294, 297 

Dematiaceae 613, 614 

Dematium albicans (Robin) Laurent466 

Dermatophyton malassezi Dold 441, 442 

Deuteromycetes 67 

Dipodascaceae 61, 62 

Dipodascus 61 


Enantiothamnus braulti Pinoy 493 

Endoblastoderma 479, 543 

— amycoides Fischer et Brebeck 477, 
479 

— pulverulentum Fischer et Brebeck 
542, 543, 545 

Endomyces 52, 53, 56, 57, 58, 77, 79, 
80, 81, 92, 95, 97, 101, 233, 234, 
252, 299, 493 

— albicans Vuill. 471, 476 

— anomalus (Hansen) Zender 251, 
252, 256 

—  belgica (Lindner) Zender 232, 233 

— bisporus Beck 109 

— bronchialis Cast. 502, 504 

— candidus Cast. 502 

— capsularis (Schidénning) Guill. 97 

— chalmersi Cast. 554 

— chodati Zender 233, 234 

— decipiens (Tul.) Reess 80, 95, 616 

— entericus Cast. 502, 504 

— faecalis Cast. 503, 504 

—  fibuliger Lindner 97, 100, 101, 105, 
299 

— guilliermondi Cast. 518, 519 

— hordet Saito 100, 101, 105 

— insolitus Cast. 503, 504 

— javanensis Klécker 106, 274 
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Endomyces krusei Cast. 492 
— lindneri Saito 100, 101, 105 
— lactis (Fres.) Windisch 80 
— lactis (Fres.) Windisch var. fra- 
grans (Berkh.) Windisch 80 
— lactis (Fres.) Windisch var. kle- 
bahnii (Stautz) Windisch 80 
— lactis (Fres.) Windisch var. 
matalensis (Cast.) Windisch 80 
— magnusii Ludwig 56, 80, 81, 92, 
304, 618 ; 
— mali Lewis 108 
— margaritae Zender 251, 252, 257 
— niveus Cast. 503, 504 
— paratropicalis Cast. 493, 502, 504 
— paratropicalis B Cast. 493 
-- paratropicalis D Cast. 554 
— pinoyi Cast. 466 
— pseudotropicalis Cast. 512 
— pulmonalis Cast. 503, 504, 510 
— rotundus Cast. 619, 622 
— rugosus Cast. 528, 529, 566, 619, 
622 
— tropicalis Cast. 502, 504 
— trumpyi Zender et Bevan 233, 234 
— vernalis Ludwig 615, 616, 618 
— vuillemini Landrieu 471 
*Endomycetaceae 2, 4, 6, 15, 17, athe ds Pe 
53, 56, 57, 62, 77, 299, 333, 334 
*Endomycetales 51, 56, 60, 61, 62, 490 
*Endomycetoideae 52, 53, 57, 58, 78, 79 
*Endomycopseae 12, 52, 53, 58, 95 
*Endomycopsis 10, 12, 16, 17, 25, 49, 
ba, 63," 56, 57, 68; 77, 80, 
95 —115, 249, 616, 618 
— albicans (Vuill.) Dekker 114, 471 
*_ bispora (Beck) Dekker 49, 96, 109, 
110, 111 
* capsularis (Schidnning) Dekker 
95, 96, 97, 98, 99, 114 
*_  fibuliger (Lindner) Dekker 56, 96, 
; 100—106 (101), 109, 114 
— fibuliger (Lindner) Dekker var. 
hordei (Saito) Dekker 100, 101, 
105, 114 
— fibuliger (Lindner) Dekker var. 
lindneri (Saito) Dekker 100, 101, 
105, 114 
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*Endomycopsis fibuliger (Lindner) Dek- 
ker var. monospora (Saito) nov. 
var. 96, 100, 104, 106, 114 

*— javanensis (Klécker) Dekker 18, 
96, 97, 106, 107, 108 

*— mali (Lewis) Dekker 96, 97, 105, 
108, 109, 114 

— monosporus Saito 100, 101, 105, 
106, 114 

*— — selenospora (Nadson et Krassiln.) 
Dekker 96, 97, 111, 112, 113, 114 

— vernalis (Ludwig) Dekker 96, 114, 
615, 618 

Entyloma 65 

— calendulae (Oud.) de Bary 66 

— ranunculi (Bon.) Schroet. 66 

Eremascoideae 52, 53, 57 

Eremascus 52, 53, 56, 57, 62, 77 

—  fertilis Stoppel 57, 101 

Eremothecium 60, 61 

Erysiphaceae 459 

Eu-Sporobolomyces 342 

Eutorulopsis dubia Cif, et Red. 655, 658 

— sake Saito et Ota 425, 426, 437 

— gsubglobosa Zach 290, 291, 297 

— uniguttulata Zach 374, 377, 379, 
380, 394 

Exoascales 486, 490 


Flacourtiaceae 322 
Fungi imperfecti 2, 15, 62, 64, 66, 673 103 
79 


Geotrichoides 493, 613, 621, 627, 632, 
636 

— asteroides (Rischin) Lang. et Talice 
620 

—  balzeri (Gougerot et Burnier) Lang. 
et Talice 620 

— cutaneus (de Beurm., Gougerot et 
Vaucher) Lang. et Talice 619, 
626, 627 

— kefyr nom. nud. 503 

— krusei (Cast.) Lang. et Talice 492, 
493 

— paludosus Smit 632, 634 

— tumefaciens (Foulerton) Lang. et 
Talice 493 
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Geotrichoides vulgaris (Berkh.) Lang. et 
Talice 503 

Geotrichum 79, 417, 525, 526, 615, 621, 
628 

— asteroides (Cast.) Basgal 620 

— brasiliense (de Magalhaées) Cif. et 
Red. 620 

— candidum Link 300 

— cutaneum (de Beurm., Gougerot et 
Vaucher) de Almeida 619 

— famatum (Harrison) C. W. Dodge 


417 

— infestans (Moses et Vianna) Brumpt 
628 

— pulmonale (Cif. et Red.) C. W. 
Dodge 655 

— pulmoneum (Bennett) Cif. et Red. 
620 


— rotundatum (Cast.) Cif. et Red. 619 

— rugosum (Cast.) C. W. Dodge 528, 
619 

— suaveolens (Lindner) Cif. 525, 526 

Guilliermondella 112, 114 

—  selenospora Nadson et Krassiln. 111 

— vuillemini (Landrieu) C. W. Dodge 
471 

Guilliermondia 314, 315 

— elongata Konokotina 317 

—  fulvescens Nadson et Konokotina 
313, 314 


Hansenia 307, 595 
— apiculata Lindner 307, 308 
*Hanseniaspora 13, 17, 25, 27, 53, 65, 
60, 78, 307 —312, 595 
— guilliermondii Pijper 309, 310, 311, 
312 
— melligeri Lodder 309, 310, 311, 312 
*—  valbyensis Klécker 18, 74, 307, 
308, 309—312 (310) 
*Hansenula 4, 8, 14, 17, 20; 21, 26, 27, 
31, 32, 42, 49, 53, 54, 58, 59, 
60, 74, 78, 109, 110, 231, 234, 
245, 248 —273, 493 
— angusta Wickerham 249 
— anomala (Hansen) H. et P. Sydow 
32, 248, 249, 250, 251—258 
(253), 272, 545 


* 


*Hansenula anomala (Hansen) H. et P. 

Sydow var. citferrii (Lodder) 
nov. var. 249, 250, 251, 253, 
255, 256, 258, 272 

—° anomala (Hansen) H. et P. Sydow 
var. heteromorpha Bedford 251, 
253, 272 

— anomala (Hansen) H. et P. Sydow 
var. longa Dekker 251, 252, 253, 
257, 272 

— anomala (Hansen) H. et P. Sydow 
var. productiva (Berkh.) Dekker 
251, 253, 257, 272 

— anomala (Hansen) H. et P. Sydow 
var. robusta Dekker 251, 252, 
257, 272 

— anomala (Hansen) H. et P. Sydow 
var. sphaerica (v. Nigeli) Dek- 
ker 251, 252, 253, 256, 272 

— beckii Wickerham 109, 249 

— belgica (Lindner) H. et P. Sydow 
232 

*— californica (Lodder) Wickerham 

250, 264—266, 272 

— canadensis Wickerham 249 

— capsulata Wickerham 249 

— ctferri Lodder 249, 251, 253, 256, 
272 

— jadinii (A. et R. Sartory, Weill et 
Meyer) Wickerham 249, 268 

— javanica (Groenewege) Dekker 
251, 255, 257, 272, 543, 545 

— lambica (Kuff.) Dekker 257 


*— minuta Wickerham 250, 271, 
273 

*— mrakii Wickerham 250, 268, 269, 
272 


— nivea Castelli 251, 253, 256, 257 
— panis Castelli 251, 2 3) 
*—  saturnus (Klécker) H. et P. Sydow 

18, 248, 250, 258—260, 261, 
262, 272 
*— — schneggii (Weber) Dekker 250, 262, 
263, 264, 272 
*— — silvicola Wickerham 250, 270, 271, 
272 
— sphaerica (v. Niigeli) H. et P. 


Sydow 251 
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*Hansenula suaveolens (Klécker) Dek- 
ker 250, 260, 261, 262, 272 

*— -subpelliculosa Bedford 250, 266 — 
268, 272 

Hemiascomycetes 51 

Hemibasidii 66 

Hemispora 622 

— coremiformis Moore 620, 622, 627 

— pararugosa Cast., Dougl. et 
Thomp. 620, 622 

— rugosa (Cast.) Cast. et Chalmers 
528, 619, 622 

Hyalodendron 476 

Hygrophorus virgineus 66 

Hymenomycetes 64, 342 

Hyphomycetes 70, 101 


Itersonilia 63, 66, 67 


*Kloeckera 10, 13, 27, 68, 69, 73, 74, 
307, 309, 312, 370, 434, 595 — 
610 
*— africana (Klécker) Janke 595, 596, 
600, 601 
*— antillarum (Klécker) Janke 595, 
596, 601, 602 
— apiculata (Reess emend. Klécker) 
Janke 309, 311, 595, 596 —599 
(598), 609 
— austriaca (Klécker) Janke 596 
— brevis Lodder, 597, 598, 599, 609 
*— corticis (Klécker) Janke 595, 596, 
602, 603, 609 
— germanica (Klécker) Janke 596 
— indica (Klécker) Janke 601, 602 
— japonica Saito et Ohtani 597, 598, 


599 
*— javanica (Klécker) Janke 596, 
604, 605 
* jensenii (Klécker) Janke 596, 605, 
606, 607 
*_ Jafarii (Klécker) Janke 596, 606, 
607, 608 
—  lindneri (Klécker) Janke 597, 598, 
599, 609 
— lindneri (Klécker) Janke var. 


pelliculosa Lodder 597, 598, 599, 
609 


*Kloeckera magna (De’Rossi) Janke 309, 
596, 599, 608, 609 

— muelleri (Klécker) Janke 597 

— occidentalis (Klécker) Janke 605 

— santacruzensis (Klécker) Janke 600 

— willi (Klécker) Janke 601, 602 

Kloeckeraspora 308, 309, 312 

— apiculata (Lindner) Dvornik 309 

— osmophila Niehaus 308, 309, 609 

— uvarum Niehaus 308, 309, 599 

Kloeckeria 595 


*Lipomyces 18, 53, 56, 75, 78, 333 —340, 
378, 669 

— lipoferus (den Dooren de Jong) 
nov. comb. 334, 335—337, 339, 
340 

*—  starkeyi nov. spec. 16, 333, 334, 

337 —340 (338), 669 
*Lipomycetoideae 53, 56, 57, 78, 333, 334 


* 


Madlassezia ovalis (Bizz.) Acton et Panja 
44] 

Microanthomyces 583 

— alpinus Griiss 582, 583, 585 

Monilia 257, 459, 487, 493, 499, 504, 
506, 513, 519, 539, 558, 585, 621 

— alba Cast. et Chalmers 466, 568 

— albicans (Robin) Zopf 466, 469, 
505, 564 

— aldoi Pereira Filho 467 

— alvarezsotoi Mazza et Nino 467, 476 

— asteroides Cast. 620 

— balzeri (Gougerot et Burnier) 
Neveu-Lemaire 620 

— bonordenii Vuill. 502, 505 

— brasiliensis (de Magalhaes) Brumpt 
620 

— brasiliensis (Splendore) Vuill. 620 

— bronchialis (Cast.) Cast. et Chal- 
mers 502, 504 

— butantanensis Gomes 503, 510 

— candida Bon. 505, 506 

— candida Bon. s. Hansen 502, 505, 
506, 510 

— candida Hartig 505 

— candida Persoon 505, 506 

— castellanii Re 289, 484, 487 
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chalmersi 
Chalmers 554 

chevalieri Guill. 492, 497 

cornealis Nann. 550, 552 

cutanea (de Beurm., Gougerot et 
Vaucher) Cast. et Chalmers 467, 
619 

cutanea (Ota) Nann. 467 

decolorans Cast. et Low 466 

enterica (Cast.) Cast. et Chalmers 
502 

faecalis (Cast.) Cast. et Chalmers 
503, 504 

fioccot Poll. et Nann. 419, 557 

guilliermondi (Cast.) Cast. et 
Chalmers 518, 519, 523 

guilliermondi (Cast.) Cast. et Chal- 
mers var. pseudogwilliermondi 
(Cast. et Chalmers) Cast. 518 

inexpectata Mazza, Nifio et Egiies 
492 

insolita (Cast.) Cast. et Chalmers 
503 

javanica Went et Prinsen Geerligs 
251, 252, 253, 256 

kefyr nom. nud. 503, 510 

kochiit (v. Wettstein) Sacc. 348 

kruset (Cast.) Cast. et Chalmers 
492, 493, 497, 554 

krusoides Cast. 492, 494, 495 

macedoniensis Cast. et Chalmers 
159, 535, 538 

macedoniensis Cast. et Chalmers 
var. macedoniensoides (Cast. et 
Taylor) Cast. 535 


(Cast.) Cast. et 


macedoniensoides Cast. et Taylor” 


535 

macroglossiae Cast. 538, 541 

metalondinensis Cast. et Chalmers 

. 466, 476 

metalondinensis Cast. et Chalmers 
var. alba (Cast. et Chalmers) 
Cast. 466 

metalondinensis Cast. et Chalmers 
var. pseudolondinensis (Cast. et 
Chalmers) Cast. 467 

metatropicalis Cast. et Chalmers 
503, 504 


Monilia mortifera (Red.) Martin, Jones, 


Yao et Lee 512 
muhira Mattlet 547 
murmannica nom. nud. 511 


‘nabarrot Cast. et Chalmers 466 


nivea (Cast.) Cast. et Chalmers 
503, 504 

onychophila Poll. et Nann. 503, 
510, 557, 558 

parakruset Cast. et Chalmers 492, 
494, 554 

parapsilosis Ashf. 553, 557 

paratropicalis (Cast.) Cast. et 
Chalmers 502 

parazeylanoides Cast. 539 

periunguealis Nino 467, 476 

pinoyt (Cast.) Cast. et Chalmers 
466, 573 

pinoyt (Cast.) Cast. et Chalmers 
var. nabarroi (Cast. et Chalmers) 
Cast. 467 

pinoyisimilis (Cast.) Cast. et Ja- 
cono 467 

productiva nom. nud, 251, 253, 257 

pseudoguilliermondi Cast. et Chal- 
mers 518, 519 

pseudolondinensis Cast. et Chal- 
mers 467 

pseudolondinoides Cast. et Chal- 
mers 467 

pseudometalondinensis Cast. et 
Chalmers 467 

pseudotropicalis (Cast.) Cast. et 
Chalmers 512, 517, 518 

pseudotropicalis (Cast.) Cast. et 
Chalmers var. metapseudotropi- 
calis Cast. 512, 513 

pseudotropicalis (Cast.) Cast. et 
Chalmers var. pseudotropicalis 
Cast. 512, 513 

psilosis Ashf. 466, 553, 559 

pulmonalis (Cast.) Cast. et Chal- 
mers 503 

pulmonea (Bennett) Cast. et Chal- 
mers 620 

richmondi Shaw 467, 476 

rotunda (Cast.) Cast. et Chalmers 
619 
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Monilia rugosa (Cast.) Cast. et Chal- 
mers 528, 619 

— rugosa nom. nud. 566 

— _ stellatoidea Jones et Martin 563, 
564 

—  triadis (Lang. et Talice) Cast. 467 

— tropicalis (Cast.) Cast. et Chalmers 
502, 504, 509, 511 

— tumefaciens-alba (Foulerton) Ota 
466, 511, 553 

— unguis (Weil et Gaudin) Vuill. 558 

— uvae (Poll. et Nann) Vuill. 538 

— zeylanoides Cast. 538, 539 

— zeylanoides Cast. var. macroglossiae 
Cast. 538 

Moniliales 64, 70 

Monospora 322 

—  bicuspidata Metschnikoff 322, 323 

*Monosporella 53, 55, 60, 62, 77, 322 

— bicuspidata (Metschnikoff) Keilin 
3225 323 

— unicuspidata Keilin 322, 323 

Myceloblastanon 475, 498, 518, 519, 
557, 586 

— albicans (Robin) Ota 466 

— arzti Ota 518, 519, 523, 585 

— ashfordi (Anderson) Ota 466 

—  brasiliense (de Magalhaes) Ota 620 

— bronchiale (Cast.) Ota 502 

— candidum (Bon. s. Hansen) Ota 502 

— chalmersi (Cast.) Ota 554 

— copellit (Neveu-Lemaire) Ota 467 

— cutaneum Ota, 467 475 

— decolorans (Cast. et Low) Ota 466 

— entericum (Cast.) Ota 503 

— faecale (Cast.) Ota 503 

— favrei Ota 467, 475 

— gifuense Taniguchi 289, 557 

— gruetzii Ota 467, 475 

— guilliermondi (Cast.) Ota 518 

— insolitum (Cast.) Ota 503 

— kartulis Ota 498 

— krausi Ota 518, 519, 523 

— krusei (Cast.) Ota 492 

— macedoniense (Cast. et Chalmers) 
Ota 535 

— metalondinense (Cast. et Chalmers) 
Ota 466 


Myceloblastanon nabarroi (Cast. et 
Chalmers) Ota 466 

— niveum (Cast.) Ota 503 

— parakrusei (Cast. et Chalmers) Ota 
492 

— paratropicalis (Cast.) Ota 502 

— pinoyi (Cast.) Ota 466 

—  pseudotropicalis (Cast.) Ota 512 

— psilose (Ashf.) Ota 466 

— rotundatum (Cast.) Ota 619 

— tropicale (Cast.) Ota 502 

— tumefaciens-album (Foulerton) Ota 
466 

Mycocandida inexpectata (Mazza, Nifio 
et Egiies) Lang. et Talice 492 

— wnexpectata (Mazza, Nino et Egiies) 
Talice et Mackinnon 492, 495, 
498 

— macroglossiae (Cast.) Red. et Cif. 
538, 541 

— mortifera (Red.) Lang. et Talice 
512 

— onychophila (Poll. et Nann.) Lang. 
et Talice 557 

— parakrusei (Cast. et Chalmers) 
Lang. et Guerra 492, 557 

— parapsilosis (Ashf.) C. W. Dodge 
553 

— paratropicalis (Cast.) Lang. et 
Guerra 517 

— pelliculosa (Red.) Guerra 542, 543 

— pinoyisimilis (Cast.) Red. et Cif. 
468, 476 

— pinoyisimilis (Cast.) Red. et Cif. 
var. citelliana Red. et Cif. 183, 
184 

— pseudotropicalis (Cast.) Cif. et 
Red. 512, 517 

— skutetzkyi (Ota) C. W. Dodge 557 

Mycoderma 73, 231, 478, 479, 481, 482, 
493, 494, 529, 586, 621 

— acidificans De’Rossi 479 

— asteroides (Cast.) Brumpt 620 

— bordetii Kuff. 492, 498 

— brasiliense (de Magalhaes) Neveu- 
Lemaire 620 

— cerevisiae Desm. s. Leberle 477, 
478, 479, 482, 483, 543 
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Mycoderma cerevisiae Desm. s. Leberle 


var. pulverulentum nom, nud. 
542, 543, 544, 545, 546 

cervisiae Desm. 478 

chevalieri Guill. 492, 493, 497 

cutaneum (de Beurm., Gougerot et 
Vaucher) Neveu-—Lemaire 619, 
621 

decolorans Will 477, 479, 483 

desidiosum (Cif. et Red.) C. W. 
Dodge et Moore 468 

duplex De’Rossi 479 

gallica Leberle 477, 479, 483 

glutinis-farinulae Desm. 479 

infestans (Moses et Vianna) da 
Fonseca et de Aréa Leaio 628 

lactis B Dombr. 244 

lafarii Janke 478, 483 

lafarii-vini Zimmermann 478, 483 

lambica Lindner et Genoud 492, 


493, 497 
monosa Anderson 492, 498 
pararugosum (Cast., Dougl. et 


Thomp.) C. W. Dodge 620 
pulmoneum (Bennett) Vuill. 620 
rotundatum (Cast.) Brumpt 619 
rugosa Anderson 528, 619 
tannicum Asai 478, 483 
tenax De’Rossi 479 
valida Leberle 477, 479, 481, 483 
vanlaeriana Lindner et Genoud 

478, 483 
vint Desm. s. Lodder 477, 478, 

479, 482, 483, 484 
vini Desm. s, Lodder var. paradoxa 

Zimmermann 478, 483 
vini-cerevisiae Zimmermann 478, 

483 
vini-lafarii Zimmermann 478, 483 


Mycokluyveria 73, 478, 479 


cerevisiae (Desm.) Cif. et Red. 477 
decolorans (Will) Cif. et Red. 478 
lafarii (Janke) Cif. et Red. 478 
tannica (Asai) Cif. et Red. 478 
valida (Leberle) Cif. et Red. 477 
vini (Desm.) Cif. et Red. 477 


Mycotorula 406, 459, 460, 476, 514, 


518, 519, 524, 541, 550, 628 





Mycotorula albicans (Robin) Lang. et 


Talice 466, 474, 498, 559 
albicans (Robin) Lang. et Talice 
var. vuillemini (Landrieu) Red., 
Cif. et Cavallero 468 
alvarezsotoi (Mazza et Nino) Nino 
467 
chalmersi (Cast.) Red. et Cif. 554 
cisnerost nom. nud. 655, 658 
colostri Castelli 659, 661 
dattila (Kluyver) Harrison 406 
dimorpha Red. et Cif. 503, 510 
famata Harrison 417, 418, 419, 437 
germanica nom, nud, 652, 653, 654 


guilliermondi (Cast.) Cottini et 
Red. 518 

guilliermondi (Cast.) Lang. et 
Guerra 518 

humicola (Daszewska) Harrison 


524 

interdigitalis Red. 503, 510 

intermedia Krumbh. et Tauscha- 
noff 448, 451, 559 

kefyr (Beijerinck) Harrison 512 

krausi (Ota) Red. et Cif. 518, 519 

lactis Triiper 512, 518 

lactosa Harrison 512, 513, 518 

lambica Harrison 257, 503, 506, 512 

lipolytica Harrison 550 

macedoniensis (Cast. et Chalmers) 
Red. et Cif. 517, 535 

monosa (Kluyver) Harrison 492 

mucinosa Goidanich, Cif. et Red. 
620, 623,.625, 627 

muhira (Mattlet) Cif. et Red. 547 

muris Cif. et Red. 664, 665 

periunguealis Nino 467 

pinoyt (Cast.) Saggese 466, 475, 
476 

pseudotropicalis (Cast.) Red. et 
Cif. 512 

psilosis (Ashf.) Lang. et Talice 475 

pulmonalis Cif. et Red. 655, 658 

roseo-corallina Scaramella 651 

rubescens (Saito) Cif. et Red. 647 

sinensis Reiss 476 

trimorpha Red, et Cif. 503, 510 

verticillata Red, et Cif. 476 
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Mycotorula vesica Harrison 557 

— zeylanoides (Cast.) Red. et Cif. 
511, 538 

Mycotoruloideae 10, 72 

Mycotoruloides 493 

— aldoi (Pereira Filho)* Lang. et 
Talice 467, 476 

— krusei (Cast.) Lang. et Guerra 492, 
497 

— macedoniensis (Cast. et Chalmers) 
C. W. Dodge et Moore 535 

— ovalis Lang. et Talice 467, 475 

— triadis Lang. et Talice 467, 475 

— trimorpha (Red. et Cif.) C. W. 
Dodge et Moore 503 

— unguis (Weil et Gaudin) Lang. et 
Talice 557, 558 


*Nadsonia 13, 17, 18, 42, 53, 55, 60, 78, 


313 —321 

*_ elongata Konokotina 314, 317— 
320 (318) 

* — fulvescens (Nadson et Konokotina) 
Sydow 313, 314—317 (315), 320, 
321 


— vrichteri Kostka 317, 318, 320 
*Nadsonieae 53, 55, 58, 60, 303 
Nectaromyces 71 
— eruciatus Schoellhorn 530, 531 
— reukaufii (Griiss) H. et P. Sydow 
530, 531 2 
Nectaromycetaceae 71, 532 
Nectria 349 
*Nematospora 45, 53, 55, 60, 61, 62, 77, 
324 —331 
* coryli Peglion 18, 324, 325 —330 
(327) 
— gossypii Ashby et Now. 325 
— lycopersici Schneider 325, 326, 
327, 330 
— nagpuri Dastur 325, 327, 329, 330 
— phaseoli Wingard 325, 326, 327, 
329, 330 
*Nematosporoideae 17, 5S, 55,°67, 60, 
62, 78, 322 
Neogeotrichum pulmoneum de Magal- 
hées 620 
Neurospora 459 


Oidiomyces unguium nom. nud, 467 

Oidium 459, 468 

— albicans Robin 459, 466, 468 

—  asteroides (Cast.) Cast. et Chalmers 
620 

—  brasiliense de Magalhaes 620, 622, 
626 

— breve nom. nud. 503, 510 

— cutaneum de Beurm., Gougerot et 
Vaucher 619, 620 

— lactis Fres. 100, 505, 613, 615 

— moniliaforme Weigm. et Wolff 619, 
621 

— pullulans Lindner 615 

— pulmoneum Bennett 620 

— pulmoneum de Magalhaes 620, 622 

— rotundatum (Cast.) Cast. et Chal- 
mers 619 

— suaveolens Krzemecki 524, 525 

— tropicale Cast. 502, 504 

Onychomyces unguium nom. nud, 467, 
475 

Oospora 616, 621 

— cerebriformis Kambayashi 640 

— granulosa Kambayashi 640 

— lactis (Fres.) Sacc. 80 

— moniliaformis (Weigm. et Wolff) 
Berkh. 619, 626 

— perieri Matruchot et Antoine 640 

— pullulans (Lindner) Lindau 615, 
618, 619 

— pulmonea (Bennett) Sace. 620 

— yotundata (Cast.) Berkh. 619, 626 

— sericea Stautz 632 

—  srinivasii nom. nud. 586 

— suaveolens (Lindner) Lindau 524 

Oosporidium 613, 631 

— fuscans Stautz 615, 616, 618 

— margaritiferum Stautz 630 


Paracoccidioides brasiliensis(Splendore) 
de Almeida 620 

Parasaccharomyces albicans (Robin) 
Froilano de Mello et Gonzaga 
Fernandes 466 

— ashfordi Anderson 466, 475 

— colardi C.W.Dodge 468 

— oosporoides (Zach) C.W. Dodge 467 


~I 


Parendomyces 417 

— albus Queyrat et Laroche 568, 569° 

— asteroides Rischin 620, 622; 627 

— balzeri Gougerot et Burnier 619, 
622, 626 

— brocgii Beintema 640 

—  butantanensis (Gomes) C. W.Dodge 
503 

— krausi (Ota) C. W. Dodge 519 

— macroglossiae (Cast.) C. W. Dodge 


538 | 
— minor (Poll. et Nann.) C., W. 
Dodge 417 
— periunguealis (Niio) C. W. Dodge 
467 


— rugosus (Cast.) Ota 528, 619 
_— zeylanoides (Cast.) C. W. Dodge 538 
Phycomycetes 62, 64 
*Piclaa. 8; 15, 17, 20, 21, 25, 27;: 53; 
54, 58, 59, 60, 74, 78, 117, 144, 
230 —247, 293, 294, 297, 479, 
493 
— alcoholophila Klécker 232, 
237, 246 
— alcoholophila Klécker var. naga- 
nishii Lodder 233, 234, 238, 246 


234, 


— belgica (Lindner) Dekker 232, 
234, 237, 246 
— belgica (Lindner) Dekker var. 


microspora Negroni 246 

— calliphorae Klécker 232, 1234 

— chodati (Zender) Dekker 233, 234, 
238, 246 

— chodati (Zender) Dekker var. 
fermentans Mrak, Phaff et 
Vaughn 233, 234, 238, 246 

— chodati (Zender) Dekker var. 
trumpyt (Zender et Bevan) 
Dekker 233, 234, 238, 246 

— derossii Castelli 233, 234, 238, 246 

— dombrowskii Sacchetti 243, 244, 
245, 246 

— farinosa (Lindner) Hansen 232, 
238—241 (239), 246 

— farinosa (Lindner) Hansen var. 
lodderi Negroni et Fischer 238 

—  fermentans Lodder 31, 232, 238, 
243 —246 (244) 
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Pichia fermentans Lodder var. rugosa 
Bedford 238 
—  kluyveri Bedford 243, 244, 245, 


246 2 
— mandshurica Saito 232, 234, 236, 
237, 246 
*_— membranaefaciens Hansen 195, 
230, 232—238 (235), 246, 481, 
483 


— membranaefaciens Hansen var. 
acidificans Scrivani 233, 234, 


238, 246 

— membranaefaciens Hansen var. 
calluphorae (Klécker) Dekker 
232; 234, 237, 246 ™ 

— neerlandica Lodder 233, 234, 238, 
246 : 

*— polymorpha Klécker 232, 241 — 
243, 246 

— punctispora (Mélard) Dekker 232, 
234 


— suaveolens Klécker 260 

Piedraia 626 

— columbiana C. W. Dodge 626 

*Pityrosporum 13, 19, 45, 68, 73, 370, 
440 —445, 585 

— malassezii Sab. 441, 442, 444 

— ovale (Bizz.) Brumpt 442 — 


*— ovale (Bizz.) Cast. et Chalmers 
: 385, 440, 441, 442, 443, 444 
*— pachydermatis Weidman 440, 441, 

. 443, 444 


— rhinoserosum nom. nud. 443 

Pleurococcus beigeli Kiichenm. et 
Rabenh. 640 

Protascales 51, 56, 62 

Proteomyces 613, 614, 621, 628 

— asteroides ( (Riechin) C. W. Dodge 
620 

—  balzeri (Gougerotet Burnier) C. W. 
Dodge 620 

— comealis (Nann). C. W. Dodge 550 

— cutaneus (de Beurm., xougerot et 
Vaucher) C. W. Dodge 619 

— infestans Moses et Vianna 628 

— variabilis Boedijn et, Verbunt 620, 
622, 627 

Pseudomonilia 499, 501 


rf 


f 


: 


- 


> 
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Pseudomonilia deformans Zach 550, Rhodotorula glutinis (Fres.) Harrison 
553 ” var. ifirmo-miniata (Okunuki) 
— inexpectata (Mazza, Nino et Egiies) : ' Lodder 647, 648, 650, 665 
C. W. Dodge 492 — glutinis (Fres.) Harrison var. 
— mesenterica Geiger 499, 502 lusitanica Marcilla, Feduchy 
— rubicundula Okunuki 343, 345, 348 et Gomes 647, 649, 651, 652 
— zeylanoides (Cast.) C. W. Dodge et *— glutinis (Fres.) Harrison var. 
Moore 538 rubescens (Saito) Lodder 645, 
— zeylanoides (Shaw) C. W. Dodge 646, 647, 648, 649, 650, 651, 
et Moore 538 652, 665 
Pseudosaccharomyces 307, 433, 434, 595 —~ glutinis (Fres.) Harrison var. 
— africanus Kléeker 600, 604 | © rufula (Saito) Lodder 647, 648, 
— antillarum Klécker 601, 602 ~ 649, 651, 665 
— apiculatus (Reess) Klécker 596, — glutinis (Fres.) Harrison var. 
597, 598, 599 ay »  saitoi (Cif. et Red.) Lodder 647, 
— austriacus Klécker 596, 597, 599 648, 649, 651, 665 
. —  corticis Klécker 602 » —_ gracilis Rennerfelt 647, 648, 650, 
— germanicus Klécker 596, 597, 599 651 
— indicus Klécker 601 . — longissima Lodder 659, 660, 661, 
— javahieus Klécker 604 665 
“i jensenii Klécker 605, 606 | *— minuta (Saito) Harrison 646, 663, 
> lafari Klécker 606 664 
—  lindneri Klécker 597, 599 *— mucilaginosa (Jérg.) Harrison 29, 
_— magnus De’ Rossi 608 289, 645, 646, 653, 655—658 
— Fg aranus Kloécker 599 a . (656), 664, 665 
— muellert Klocker 597, 599 — mucilaginosa (Jérg.) Harrison var. 
.— occidentalis Klécker 605,606 —— |. carbonei Lodder 655, 656, 657, 
— santacruzensis Klécker 600, 601 658, 665 ” 
— willé Klocker 601 mo — mucilaginosa (Jérg.) Harrison var. 
> ¥ pararosea (Cast.) Lodder 655, 
Rhodomelaceae 322 ch, 656, 657, 658, 665 
» Rhodemyces kochii v. Wettstein 347, — mucilaginosa (Jérg.) Harrison var. 
348° 7 plicata Lodder 652, 653, 654, 
*Rhodotorula 19, 28431, 68, 69, 71, 75, 656, 657, 665 “ 
370, * 382, 385, 485, 645 —667 — mucilaginosa (Jérg.) Harrison var. 
— aclotiana Harrison 655 sanguinea (Schimon) Lodder 
*— aurantiaca (Saito) Lodder 645, 655, 656, 657, 665 
646, 659 —661, 665 © *_ pallida Lodder 646, 664, 665 
— aurea (Saito) Lodder 381, Be) 394, — pulcherrima (Lindner) Harrison 
662, 666. 484 
— bronchialis (Cif, St Red.) Lodder — rubella Harrison 647, 649 
- 647, 648, 650, 665 . * _—  rubescens (Saito) Harrison 647 
— olostri (Castelli) Lodder 659, 660, | *— rubra (Demme) Lodder 645, 646, 
665 , 652, 653, 654, 657, 665 
*— flava (Saito) Lodder 646, 661, 662 — rubra (Demme) Lodder var. curvata 
“*— glutinis (Fres.) Harrison 31, 645, Lodder 652, 653, 654, 665 
646—652 (649), 654, 659, 661, — rubra (Demme) Lodder var. longa 


665, 666 Lodder 652, 653, 654, 665 
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Rhodotorula rufula (Saito) Harrison 647 

sanguinea (Schimon) Harrison 655 

sanniei (Cif..et Red.) Lodder 29, 
655, 657, 658 

suganii (Okunuki) Lodder 647, 
650, 665 

Rhodotorulaceae 71 
* Rhodotoruloideae 8, 68, 69, 71, 371, 645 























*Saccharomyces 10, 15, 20, 21, 25, 41, 
42, 53, 54,.58, 59, 60, 74 78, 
79, 81, 116 —229, 230, 2317239, 
251, 278, 296, 300, 304, 375, 
380, 421, 4797-605, 535, 571, 
595, 621, 668 

aceris-sacchari Fabian et Hall 251, 
253, 2565. 257 

acetaethylicus Beijerinck 251, 252 

*_  acidifaciens (Nickerson) nov.comb. 
119, 121, 214—218 (216), 224 

albicans (Robin) Reess 466 

anamensis Will et Heinrich 123, 
125, 136 © 

annulatus Negroni 139, 169 

anomalus Hansen 251, 252, 258 | 

anomalus Hansen var. belgicus | 
Lindner 232, 233 

anomalus belgicus Lindner 233 

apiculatus Reess 307, 308, 595, 
596, 597 

awamorit Inui 571, 572, 573 

bacillaris Kr. et Krumbh. 423, 425 

*— bailii Lindner 119, 121, 159, 160, 
224 

balzeri (Gougerot et Burnier) Cast. 
et Chalmers 619 

batatae Saito 123, 128, 138 | 

*— bayanus Sacc. 43, 119, 122, 162, 
163, 164, 207, 224 

behrensianus (Behrens) 
149, 150, 153 

beticus race a Marcilla 200 

beticus race B Marcilla 200 

beticus race y Marcilla 200, 201, 
202 

— bisporus (Naganishi) nov. comb. 

119, 121, 194—197 (196), 224, 
234 


Klécker 
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Saccharomyces blanchardi Guiart 374, 


375, 380 . 
brasiliensis Lindner 161, 162 
brewert (Verdun) Neveu-Lemaire 

374 \ 
capillititi Oudemans et Pekelharing \ 

442 
carlsbergensis Hansen 8, 13, 22, 

43, 119, 122, 126, 127, 177 —180 

(179), 224 
carlsbergensis Hansen var. mand- 

shuricus (Saito) Dekker, 172 
carlsbergensis Hansen var. mona- 

censis (Hansen) Dekker 177, 178 
carlsbergensis Hansen var. poly- 

morphus Dekker 172 
carlsbergensis Hansen var.valdensis 

(Osterw.) Dekker 177, 179 
cartilaginosus ia 131, 137, 

140 . 
cartilaginosus Lindner var, italicus 
Bh laa 123, I3L d 






corevibtas Wenses subsp. 
Steiner 123, 130, 139 
cerevisiae Hansen subsp.vetrozensis 
Steiner 123, 126, 135 
cerevisiae Hansen var. cratericus 
* (Lindner) Lodder 123, 125 
cerevisiae Hansen var, ellipsoideus 
(Hansen) Dekker 13, 22, 23, 
118, 122, 124, 127, 128, 130, 
131, 133, 134, 136, 138, 139, 
169, 200, 224 
cerevisiae Hansen var. festinans 
(Ward et Baker) Dekker 164, 166 
cerevisiae Hansen var. marchalia- 
nus (Kuff.) Dekker 123, 130 
cerevisiae Hansen var. onycho- 
philus Zach 123, 131, 139 
cerevisiae Hansen var. pulmonalis 
(Red.) Dekker 123, 127 
cerevisiae Hansen var, 
(Hansen) Dekker 123, 1 


‘ 
4 
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Saccharomyces cheresiensis Prost. et 





_ Afrikian 205, 206, 207, 208 

cheresiensis Prost. et Afrikian var. 
armeniensis Prost. et Afrikian 
206 


chevalieri Guill. 43, 46, 119, 121 Se 


188, 190, 192, 193, 194, 222, 294 

chevalieri Guill. var. lindneri 
(Guill.) Dekker 192, 1937 194 

chevalieri Guill. var. torulosus 
(Osterw.) Dekker 187, 188 

chodati Schweizer 218, 225 

chodati*Steiner 218, 219, 225 

cratericus Lindner 123, 125, 135 

curvatus Beijerinck 135 

dairensis Naganishi T7374, 176 

delbrueckii Lindner 119, 173 —177 
(175), 224 

delbrueckii Lindner var. mongolicus 

" (Saito) nov. var. 119, 173, 176, 
224 

disporus nom. nud. 195, 197 

dombrowskii Sacchetti 243, 244 

elegans nov. spec. 119, 121, 221, 
222, 225, 668 

ellipsoideus Hansen 123, 124; 128, 
131, 138, 139, 140 

ellipsoideus I Hansen 124 

ellipsoideus IL Hansen 128 

elli psoideus Hansen subsp. alpestris 
Steiner 123, 126, 136 

ellipsoideus Hansen subsp. alpinus 
Steiner 123, 126, 135 

ellipsoideus Hansen subsp. ful- 
liensis var. typica Steiner 123, 
126, 136 

ellipsoideus Hansen subsp. monti- 
bensis Steiner 123, 126, 127, 
135 

ellipsoideus Hansen subsp. thermo- 
philus Steiner 169 

ellipsoideus Hansen var. cratericus 
Lindner 123, 125 

ellipsoideus Hansen var. major 
Castelli 124, 131, 139 

ellipsoideus Hansen var. umbra 
Castelli 124, 131, 139 

elongatus Krumbh, 164, 166, 169 
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*Saccharomyces exiguus Hansen 119, 
121, 153, 154, 177, 224, 404 

— farinosus Lindner 238, 239 

*— — fermentati (Saito) nov. comb, 119, 
121, 192, 200, 201, 202, 207, 
224, 402 

—  festinans Ward et Baker 164, 166, 
168 

*_ — florentinus (Castelli) nov. comb, 
119, 122; :213, 214, 224 

—  formosensis Nakazawa 164, 167, 
169 


*_ fragilis Jérg. 17, 18, 119, 122, 158, 

181 —184, 186, 224, 513, 538 

—  fragrans Beijerinck 154, 155, 535, 
536, 538 

*—  fructuum nov. spec. 119, 121, 220, 


221, 225, 668 
— galactosus Dekker 177 
—  globosus Osterw. 173, 175, 177 
— glutinis (Fres.) Cohn 647 
— guttulatus (Robin) Winter 300 
— hansenii Zopf 280, 284, 285 
*_  heterogenicus Osterw. 119, 120,203, 
204, 219, 224 
— hominis Costantin 374 
— hutensis nom. nud. 571, 572, 573 
— t¢cis Grénlund 123, 125, 135 
— intermedius Hansen 138, 164, 165, 
166, 168, 170, 179 
— intermedius Hansen var. turicensis 
Osterw. 169, 170, 172 
— intermedius Hansen var. valdensis 
Osterw. 177, .178, 179, 180 
*_ dtalicus Castelli 43, 119, 120, 211, 
212,, 2245 
— jadini A. et R. Sartory, Weill et 
Meyer 268 
— japonicus Yabe 345 
— kefyr Beijerinck 512, 514, 518 
— kruset Cast. 492 
*_— lactis Dombr. 27, 30, 119, - 122, 
184—187 (185), 224, 412 
— lactis a Dombr. 184 
— lactis B Dombr. 184 
— lactis y Dombr. 184, 189, 190, 191 
— lLindneri Guill. 192, 193, 497 
— lithogenes Sanf. 374, 375 
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*Saccharomyces logos v. Laer et Dena- 


mur 13, 119, 122, 161, 162, 172, 
224 

ludwigit Hansen 303, 304 

macedoniensis Diddens et Lodder 
60, 154, 156, 159, 536 

mandshuricus Saito 126, 177, 178, 
180, 218 

mandshuricus I Saito 126, 172 

mandshuricus II Saito 126, 172 

mandshuricus III Saito 123, 126, 
137 

mandshuricus IV Saito 126 

mangint Guill. 192, 193, 194 

mangint- Guill. var. casei Sacchetti 
192, 193, 194 

mangint Guill. var. tetrasporus 
(Beijerinck) Dekker 123, 127 

marchalianus Kuff. 123, 130, 139 

marxianus Hansen 18, 119, 121, 
154—159 (156), 183, 224, 536, 
538 | 

mellis (Fabian et Quinet) nov. 
comb. 119, 120, 148, 208 —211, 
224 

membranaefaciens Hansen 232, 233 

microellipsodes Osterw. 43, 119, 
120, 172, 173, 204, 205, 224 

monacensis Hansen 177, 178, 180 

mongolicus Naganishi 173, 174, 176 

muciparus Beijerinek 154, 155, 159 

muntzit (Kayser) Naganishi 123, 
128, 139 

mycoderma Reess 477, 479, 482 

mycoderma punctisporus Mélard 
232, 234, 237 

neoformans Sanf. 372, 374, 375 

odessa Schnegg et Oehlkers 123, 
130, 140 

ovalis Bizz. 441, 442 

oviformis Osterw. 119, 122, 205 — 
208 (206), 224 

oviformis Osterw. var. bisporus 
Castelli 205, 206, 207, 208 

paradoxus Batschinskaia 123, 129, 
130, 140 

pastort (Guill.) nov. comb. 119 
120, 197, 198, 199, 224 


> 
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*Saccharomyces pastorianus Hansen 20, 


118, 120, 140, 141, 142, 161, 
165, 166, 172, 224, 578 

pastorianus I Hansen 140, 165 

pastorianus II Hansen 138, 165 

pastorianus III Hansen 165 

pastorianus Hansen var. arbignen- 
sis Steiner 123, 126, 127, 135, 
136 

pleomorphus Lodder 511 

plimmeri Costantin 374, 375 

pomorum Meyen 117 

productivus nom. nud, 510 

pulcherrimus (Lindner) Beijerinck 
30, 484, 485 

pulcherrimus secundarius Beije- 
rinck 485 

pulmonalis Red. 123, 127, 136 

rosez (Guill.) nov. comb. 119, 121, 
187 —192 (189), 224, 422 * 

rouxit Boutroux 119, 142—153 
(146), 210, 224 

rouxit Boutroux var. polymorphus 
(Kr. et Krumbh.) nov. var. 119, 
142, 147, 148, 149, 224 

ruber Demme 652, 654 

sake Yabe 123, 125, 137 

saturnus Kloécker 251, 258 

soya Saito 142, 143, 144, 151 

sphaericus Bizz. 441, 442 

sphaericus v. Nageli 251, 252, 256, 
257 

steinert nov. spec. 119, 120, 218, 
219, 220, 225, 668 

stellatus Kr. et Krumbh. 420, 421 

sternont A. et R. Sartory, Sternon 
et Meyer 419 

subcutaneus tumefaciens Curtis 380 

tetrasporus nom. nud. 127, 136 

thermantitonum Johnson 169 

tokyo Nakazawa 123, 128, 129, 140 

torulosus Osterw. 187, 188, 190, 
191 

tubiformis Osterw. 164, 166, 168 

tumefaciens Cast. et Chalmers 380 

tumefaciens (Curtis) Busse 380 

tumefaciens-albus Foulerton 466, 
475, 493 
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Saccharomyces turbidans Hansen 123, 


128, 138 

— unisporus Jérg. 39, 173, 174, 176, 
177 

*— uvarum Beijerinck 13, 16, 119, 


122; 126, 142, 166, 169—173 
(170), 178, 224 
— valesiacus Osterw. 136 
— validus Hansen 164, 165, 166, 168, 
169, 170, 172 
*— veronae nov. spec. 119, 120, 121, 
222, 223, 224; 225, 669 
— vini Meyen 117 
— vini muntz Kayser 123, 128 
— vini muntzii Kayser 123, 128 
— vordermannit Went et Prinsen 
Geerligs 123, 125, 137 
— wildiersii nom. nud. 137 
*_ willianus Sacc. 119, 122, 134, 138, 
139, 164—169 (167), 170, 224 
— yedo Nakazawa 123, 128, 129, 140 
Saccharomycetaceae 56, 57 
*Saccharomyceteae 12, 53, 54, 58, 116, 
299, 333 
*Saccharomycetoideae 52, 53, 57, 58, 78, 
80, 95, 299, 333 
*Saccharomycodes 10, 13, 45, 53, 55, 
60, 78, 117, 150, 215, 303 —306, 
442 
— behrensianus Klécker 150 
— bisporus Castelli 306 
*_  ludwigii Hansen 303—306 (304), 
314 
— ludwigii Hansen var. vini Kr. et 
Heinrich 303, 304, 305, 306 
— mestris Marcilla et Feduchy 214, 
Q15, 27 eels 
Saccharomycopsis 58, 97, 101, 299 
— capsularis Schiénning 97, 299 
—  fibuliger (Lindner) Klécker 100 
— guttulata (Robin) Schiénning 58, 
299, 300, 301, 302 
— hordei (Saito) Klécker 100 
— lindneri (Saito) Klécker 100 
Sachsia suaveolens Lindner 524, 525 
Schizoblastosporion 73, 74 
—  globosum (Zach) C. W. Dodge 553 
— gracile (Zach) C. W. Dodge 553 
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*Schizosaccharomyces 10, 12, 18, 45, 52, 
53, 56, 57, 58, 77, 79, 81—94 
— asporus Beijerinck 82, 83, 85 
— formosensis Nakazawa 82, 83, 85 
— formosensis Nakazawa var. akoen- 
sis Nakazawa 82, 83, 85 
— formosensis Nakazawa var. tapa- 
niensis Nakazawa 82, 85, 93 
— hokkoensis Nakazawa 83 
— japonicus Yuk. et Maki 89, 92, 93 
— liquefaciens Osterw. 82, 83, 85 
— mellacei Jorg. 82, 83, 85 
— octosporus Beijerinck 18, 82, 86, 
87, 88, 89, 90, 92 
— pinan Nakazawa 82, 83, 85, 93 
*— pombe Lindner 40, 42, 81, 82, 83, 
84, 85, 93 
— santawensis Nakazawa 82, 85, 93 
— taito Nakazawa 82, 83, 85, 93 
*__ _ versatilis Wickerham et Duprat 
18, 81, 82, 89, 90, 91, 92, 93 
— vordermani Wehmer 82, 83 
*Schwanniomyces 17, 18, 53, 54, 58, 78, 
106, 274—276 
— javanensis (Klécker) Zender 106 
*_ gecidentalis Klécker 106, 274, 275, 
276 
Sclerotinia 459 
Spermophthora 60, 61 
— gossypii Ashby et Now. 60, 61 
Spermophthoraceae 60 
Spicaria 558 
— unguis Weil et Gaudin 557, 558 
*Sporobolomyces 18, 25, 28, 45, 63, 64, 
65, 66, 67, 71, 75, 341 —364, 
365, 366, 485 
*_ qlbo-rubescens Derx 343, 356, 357, 
358, 363 
— albus Hanna 365, 366, 368 
*__ gracilis Derx 343, 354, 855. S06, 
363 
*_  holsaticus Windisch 343, 361 —363 
*__ odorus Derx 343, 352, 353, 354, 
363 
*_ pararoseus Olson et Hammer 343, 
358 —361 (359), 363, 364 
— photographus Cif. et Red. 348, 349, 
353, 357, 358 
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Sporobolomyces photographus Cif. et 
Red. var. albo-rubescens (Derx) 
Verona et Cif. 356, 357, 358 

— photographus Cif. et Red. var. 
odorus (Derx) Verona et Cif. 352 

— pollacciti Verona et Cif. 348, 350, 
351, 352, 364 

*_  roseus Kluyver et v. Niel 341, 343, 
348 —352 (350), 353, 354, 356, 
357, 358, 359, 360, 363, 364 

— rubicundulus (Okunuki) Verona et 
Cif. 343, 345, 347, 348 

* —  salmoneus Derx 348, 349, 350, 351, 
352, 363 

— salmoneus Derx var. albus Derx 
348, 350, 352, 363 

*—  salmonicolor (Fischer et Brebeck) 
Kluyver et v. Niel 342, 343 — 
348 (345), 350, 351, 363 

— salmonicolor (Fischer et Brebeck) 
Kluyver et v. Niel var. albus 
(Derx) Verona et Cif. 348, 350 

— salmonicolor (Fischer et Brebeck) 
Kluyver et v. Niel var. salmo- 
neus (Derx) Verona et Cif. 348, 
350 

— shibatanus (Okunuki) Verona et 
Cif. 352, 358, 359, 360, 364 

— tenuis Kluyver et v. Niel 289, 348, 
349, 351, 352, 353, 356, 358, 363 

*Sporobolomycetaceae 2, 4, 6, 17, 51, 
62, 63, 64, 66, 67, 71 

Sporotrichum infestans (Moses et 
Vianna) Sartory 628 

Syringospora 459, 539 

— albicans (Robin) C. W. Dodge 466 

— dimorpha (Red. et Cif.) C. W. 
Dodge et Moore 503 

— negroni C. W. Dodge 468 

—  psilosis (Ashf.) C. W. Dodge 466 

— robinti Quinquaud 459, 460, 466 

— uvae (Poll. et Nann.) C. W. Dodge 
539 


Taphrina 64, 65, 486, 491 

deformans (Berk.) Tul. 65, 487, 491 
— pruni (Fuck.) Tul. 64, 65 
Tilletia 64, 65, 66 


Tilletiopsis 63, 66, 67 

Torula 58, 173, 187, 188, 278, 344, 
349, 352, 397, 446, 457, 499, 
506, 579 ‘ 

— ‘aclotiana nom. nud. 655, 657 

— aeria Saito 413 

— alactosa Kluyver 404 

— alba Saito 348 

— albida Saito 386, 389 

— alpina nom. nud. 386, 389 

— aurantiaca Saito 659, 661 

— aurea Saito 381, 382, 385 

— candida Saito 414, 416, 417 

— casei 285, 517 

— colliculosa Hartmann 401 

— corallina Saito 653, 654 

— cremoris Hammer et Cordes 512, 
517 

— dattila Kluyver 406 

— decolans Okunuki 655, 658 

— fermentati Saito 518, 523 

— flava Saito 661 

—  flavescens Saito 348, 381, 382, 385 


‘— gelatinosa Saito 386, 388, 389 


—  globosa Olson et Hammer 426, 437 

— glutinis (Fres.) Pringsheim et 
Bilewsky 647, 651 

— gropengiessert Harrison 419 

— heveanensis Groenewege 381, 385 

— histolytica Stoddard et Cutler 374, 
376, 379, 391, 392, 476 

— holmiw Jorg. 402 

— humicola Daszewska 524 

— imfirmo-miniata Okunuki 647, 648, 
651 

— kefyr nom. nud. 183, 512 

— klein Weiss 374, 375 

— koishikawensis Okunuki 659, 661 

—  lactis-condensi Hammer 409, 437 

— lactosa nom. nud. 512, 513 

— lambica nom. nud. 503, 506, 512 

— laurentii Kuff. 381, 384, 385 

— lipofera den Dooren de Jong 335 

— lipolytica nom. nud. 550 

— luteola Saito 389 

— mineralis Hayduck et Haehn 547 

miniata Okunuki 659, 661 
— minuta Saito 663 
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Torula molischiana Zikes 404 
— monosa Kluyver 492, 494, 496, 
497, 498 
— mucilaginosa Jorg. 655 
— masalis Harrison 374, 376, 380 
— neoformans (Sanf.) Weiss 374 
— photographa nom. nud, 348, 349, 
351 
— plimmeri (Costantin) Weiss 374 
— pulcherrima Lindner 397, 484, 485 
— rubefaciens Grosbiisch 484, 485, 
491 
— pubescens Saito 647, 648, 649, 651, 
652 
— rubra Schimon 649, 651 
— rufula Saito 647, 649, 651 
— sanguinea Schimon 655, 657 
— shibatana Okunuki 358, 359, 360 
— sphaerica Hammer et Cordes 411 
— suganii Okunuki 647, 648, 651 
— utilis Henneb. 511, 546 
Torulaspora 58, 59, 118, 173, 176, 188, 
189, 190, 191, 200, 202, 224 
— delbruecki Lindner 173, 174, 176, 
177 
— fermentati Saito 200, 202 
— factis nom. nud. 189, 190, 191 
— roset Guill! 58, 59, 173, 187, 188, 
189, 190, 191, 192, 200 
Torulopsidaceae 52, file ive 
Torulopsidales 70, 71 
Torulopsidoideae 10, Ep Plas pa 
*Torulopsis 10, 28, 41, 52, 68, 70, 72, 
73, 74, 334, 335, 340, 370, 372, 
376, 381, 382, 383, 386, 390, 
394, 397—439, 485, 486, 487, 
488, 514, 539, 547, 549, 586, 
659, 663, 670 
— acris var. granulosa Marcilla et 
Feduchy 386, 389, 394 
*_ geria (Saito) Lodder 398, 400, 413, 
414, 437 
— albida (Saito) Lodder 386, 387 
— albida (Saito) Lodder var. japonica 
Lodder 386, 388, 389, 394 
— albus Saito et Ota 568 
*- gnomala nov. spec. 399, 431, 432, 
437, 670 


Torulopsis aurantia Zach 655, 656, 
657, 658 
— aurantiaca (Saito) Cif. et Red. 659 
*__ bacillaris (Kr. et Krumbh.) Lod- 
der 399, 401, 423, 424, 425, 437 
— biourgei Cif. et Red. 655, 658 
— breweri (Verdun) de Almeida 374 
—  bronchialis Cif. et Red. 647, 648, 651 
— cambresieri Monoyer 422, 423 
*__ candida (Saito) Lodder 399, 400, 
414, 415, 416, 417, 437, 561 
—  carnescens Verona et Luchetti 381, 
382, 385, 394 
— caroliniana Etchells et Bell 409, 


410, 411 
— castellanii (Re) Cast. et Jacono 484 
* _  eolliculosa (Hartmann) Sace. 202, 


397, 398, 401, 402, 437 
— conglobata Red. 568 
— conglobosa 568 
— copellii (Neveu-Lemaire) de Al- 
meida 467 : 
— eostantini (Froilano de Mello et 
Gonzaga Fernandes) de Almeida 
374 
*— dattila (Kluyver) Lodder 398, 400, 
406, 407, 437 
— diffluens Zach 391, 392, 393, 394 
*_ ernobii nov. spec. 399, 400, 433, 
434, 437, 671 
* _  etchellsii nov. spec. 399, 429, 430, 
431, 432, 437, 670 
* famata (Harrison) nov. comb. 289, 
399, 400, 417, 418, 419, 437 
—  flavescens (Saito) Lodder 381, 394 


* glabrata (Anderson) Lodder et de 
Vries 398, 400, 407, 408, 409, 437 
* _ globosa (Olson et Hammer) nov. 


comb. 399, 401, 426, 427, 437 
— glutinis (Fres.) C. W. Dodge 647 
*__  gropengiessert (Harrison) Lodder 
399, 401, 419, 420, 436, 437 
—  heveanensis (Groenewege) Mager 
et Aschner 381 
— histolytica (Stoddard et Cutler) 
Cast. et Jacono 374 
~ holmii (J6rg.) Lodder 154, 398, 
399, 402, 403, 404, 437 
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Torulopsis hominis (Vuill.) Red. 374 
— hominis (Vuill.) Red. var. hondu- 
riana Cast. 374, 380 
*— inconspicua nov. spec. 399, 400, 
436, 437, 671 
—  kefyr (Beijerinck) Lodder 512, 514, 


586 

*— — lactis-condensi (Hammer) nov. 
comb, 398, 400, 409, 410, 411, 
427, 437 


— laurentii (Kuff.) Lodder 381, 382 
— lipofera (den Dooren de Jong) 
; Lodder 335 
— liquefaciens Saito et Ota 386, 387, 
389, 394 
— lithogenes (Sanf.) de Almeida 374 
— luteola (Saito) Lodder 389 
— macroglossiae (Cast.) Cast. et 
Jacono 538 
— magnoliae nov. spec. 399, 401, 
435, 436, 437, 671 
— mannitica Castelli 655, 658 
— mena (Fontoynont et Boucher) 
C. W. Dodge 652, 653 
— minor (Poll. et Nann.) Lodder 417 
— minuta (Saito) Cif. et Red. 663 
— minuta (Saito) Cif. et Red. var. 
americana Cif, 651 
*— molischiana (Zikes) Lodder 398, 
400, 404, 405, 406, 437 
— mucilaginosa (Jérg.) Cif. et Red. 
655 
— nadaensis Saito et Ota 391, 392, 394 
— neoformans (Sanf.) Red. 374, 376 
— neoformans (Sanf.) Red. var. shep- 
pet Giordano 374 
— nitritophila Cif. et Ashf. 655, 658 
— pintolopesii van Uden 398 


*— pinus nov. spec. 399, 400, 434, 
435, 437, 671 

— plimmeri (Costantin) de Almeida 
374 


—  pulcherrima (Lindner) Sace. 397, 
398, 484, 485, 486, 487 

— pulcherrima (Lindner) Sace. var. 
rubra Castelli 484, 486 

— pulcherrima (Lindner) Sacec. var. 
variabilis Lodder 484, 485, 491 


Torulopsis rosea Berlese 397, 398, 484, 
488, 491 
— rotundata Red.31, 388,392,393, 394 
— rubra (Demme) de Almeida 652 
— rufula (Saito) Cif. et Red. 647 
— saitoi Cif. et Red. 647, 649, 651 
*— sake (Saito et Ota) nov. comb. 
399, 425, 426, 437 
— sanguinea (Schimon) Cif. et Red. 
655, 658 
— sanniet Cif. et Red. 655, 656, 658 
— somala Verona 352 
*_ sphaerica (Hammer et Cordes) 
Lodder 186, 398, 399, 411, 412, 
413, 431, 437 
*— stellata (Kr. et Krumbh.) Lodder 
399, 400, 420—423 (421), 437 
*— stellata (Kr. et Krumbh.) Lodder 
var. cambresieri nov. var. 191, 
399, 400, 420, 422, 423, 437, 670 
— terrestris Verona 651 
—  tonsillae Carnevale-Ricci 542, 543, 
546 
— utilis (Henneb.) Lodder 546, 547, 
586 
— utilis (Henneb.) Lodder var. major 
Thaysen et Morris 546, 547 
— wvae (Poll. et Nann.) Lodder 538, 
539, 541, 586 
— varians Carnevale-Ricci 546 
*— versatilis (Etchells et Bell) nov. 
comb. 399, 427, 428, 429, 430, 
431, 432, 437 
Torulopsoideae 72 
Tremellales 64 
Trichosporium 613, 614 
—  asteroides (Rischin) Bolognesi et 
Chiureo 620 
—  balzeri (Gougerot et Burnier) 
Bolognesi et Chiureco 620 
*Trichosporoideae 68, 69, 72, 371, 613 
*Trichosporon 10, 12, 14, 23, 31, 32, 68, 
69, 72, 370, 475, 493, 506, 
613 —644 
— asahii Akagi 475, 620, 622, 626 
—  asteroides (Rischin) Ota 620 
—  balzeri (Gougerot et Burnier) Ota 
620, 622, 641 
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*Trichosporon behrendii nov. spec. 614, 
638 —640, 642, 673 

beigelii (Kiichenm. et Rabenh.) 
Vuill. 640, 641 

brasiliense (de Magalhaes) Puntoni 
620, 622 

brocqii (Beintema) Nann. 640 

*— capitatum Diddens et Lodder 614, 
615, 634—636, 638, 642 

cerebriforme (Kambayashi) 
640, 641 

condensatum Cochet 641 


Ota 


*— cutaneum (de Beurm., Gougerot et 
Vaucher) Ota 31, 511, 529, 613, 
614, 615, 619—627 (623), 641, 
642 
— cutaneum (de Beurm., Gougerot et 
Vaucher) Ota var. infestans 
(Moses et Vianna) Diddens et 
Lodder 628, 642 
*—  cutaneum (de Beurm., Gougerot et 
Vaucher) Ota var. multisporum 
(Cochet) nov. var. 614, 615, 619, 
620, 623, 625, 626, 627, 642 
— dendriticum Cif. et Red. 492, 498 
— equinum Fambach 640, 641 
*—  fermentans Diddens et Lodder 614, - 
636, 637, 638, 642 
— foxi Cast. 640, 641 
— fuscans (Stautz) Buchwald 615 
— gigar*..m Behrend 626, 641 
— «cyanteum Unna 626 
giganteum Vuill. 626 
— glycophile Dubois 640 
— granulosum (Kambayashi) Ota 
640, 641 
— hortai Brumpt 640 
— humahuaquensis Mazza et Nino 
620, 622, 627 
*_ infestans (Moses et Vianna) Cif. 
et Red. 614, 615, 628 —630, 641, 
642 
—  krusei (Cast.) Cif. et Red. 492, 493, 
497 
luchetti Red. et Cif. 641 
malassezi nom. nud, 626 
* __ margaritiferum (Stautz) Buchwald 


614, 630, 631, 632, 642 
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Trichosporon minor de Aréa Lea&o 620 
623, 625, 627 

ovale Paoli 640, 641 

ovale Unna 640, 641 

ovoides Behrend 613, 626, 640, 641 

pararugosum (Cast. Dougl. et 
Thomp.) Nann. 620, 626 

periert (Matruchot et Antoine) Ota 
640, 641 

proteolyticum Negroni et de Villa- 
fane Lastra 640, 641 

*— pullulans (Lindner) Diddens et 
Lodder 33, 96, 114, 614, 615— 
619 (616), 641, 642 

rotundatum (Cast.) Puntoni 619, 
621 

rugosum (Cast.) Ota 528, 619, 626 

*_ sericeum (Stautz¥ Diddens et Lod- 
der 614, 615, 632, 633, 634, 642 

uffreduzzii Cif. et Croveri 640, 641 

Trichosporum 613, 614, 621, ef. also 


5 


Trichosporon 
— multisporum Cochet 620, 623, 626, 
627, 642 
*Trigonopsis 13, 45, 68, 69, 73, 370, 611, 
612 
*_  yariabilis Schachner 611, 612 


Uredinales 66, 531 

Uredineae 64 

Ustilaginales 66, 67 

Ustilago longissima (Sow.) Tul. var. 

macrospora Dav. 67 

— scabiosae (Sow.) Wint. 67 

Willia 20, 101, 117, 230, 233, 234, 
248, 251, 253, 258, 493 

anomala Hansen 251 

belgica Lindner 232, 233 

chodati (Zender) Guill. 233 

javanica Groenewege 251, 253, 257 

lambica Kuff. 257 

margaritae (Zender) Guill. 

odessa Weber 251, 252, 257 

productiva Berkh. 251, 253 

saturnus (Klécker) Hansen 98, 258 

schneggii Weber 262 

Williopsis 98, 258 


251 
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Williopsis capsularis (Schiénning) Zen- 


der 97 
— saturnus (Klécker) Zender 98, 258, 
260 


Zygohansenula 248, 249, 264, 265, 272 

— californica Lodder 264, 272 

Zygomycetes 62 

Zygopichia 144, 230, 231, 234, 239, 240, 
246, 493 

— chevalieri (Guill.) Klécker 232, 234, 
237, 246 

— chevalieri (Guill.) Klécker var. 
andersonii Nickerson 233, 234, 
237 

— chevalieri (Guill.) Klécker var. 
fermentati Saito 238 

— chiantigiana Castelli 233, 234, 238, 
246 

—  farinosa (Lindner) Klécker 239, 246 

— japonica (Saito) Klécker 143 

— salsa (Tak. et Yuk.) Klécker 143 

Zygosaccharomyces 41, 59, 60, DGG. 18, 
129, 144, 148, 155, 159, 160, 
173, 176, 186, 188, 190, 197, 
199, 200, 202, 210, 214, 217, 
218, 224, 231, 239, 249, 278 

— acidifaciens Nickerson 59, 214, 
217.218 

— amoeboideus Kr. et Krumbh. 143, 
146, 149, 152 

—  ashbyi Cordroe’h 154, 155, 158, 159 

—  bailit (Lindner) Guill. 159 

— barkeri-Sace. et Sydow 149, 150, 
152 

— bisporus Anderson 194, 195, 232, 
234 

— bisporus Naganishi 145, 194, 195, 
196; 197, 232, 234 

— casei Sacchetti 184, 185, 187 

— cavarae Rodio 146, 149 

— cavarae Rodio var. amoeboideus 
(Kr. et Krumbh.) Lodder 143, 
146 

— cavarae Rodio var. beauverie 
Beauverie 149, 152 

— chevalieri Guill. 232, 234 

— citrus Lodder 143, 146, 152 


Zygopichia dairensis f. I Naganishi 
143, 146, 152 

— dairensis f. II Naganishi 143, 145, 
151 

—  delbruecki (Lindner) Krumbh. 173 

— eupagycus Sacchetti 200, 202 

— farinosus (Lindner) Papadakis 239 

—  felsineus Sacchetti 143, 146, 152 

—  fermentati Naganishi 123, 130, 131, 
139, 200 

— fermentati (Saito) Krumbh. 200 

—  florentinus Castelli 213 

— globiformis Kr. et Krumbh. 58, 
173, 187, 188, 189, 190, 200 

— globiformis Kr. et Krumbh. f. 
typica 191 

— gracilis Karam. et Krumbh. 143, 
145, 152 

— gracilis Karam. et Krumbh. var. 
italicus Sacchetti 143, 145, 152 

— japonicus Saito 143, 144, 152 

— japonicus Saito var. soya (Saito) 
Dekker 142, 144 

—. lactis a Dombr. 184, 185, 187 

— major Tak. et Yuk. 144, 145, 149, 
151 

— major Tak. et Yuk. var. threntensis 
Lodder 143, 145, 152 

— mali 483 

— mandshuricus Saito 40, 214, 215, 
217, 218 

— marxianus (Hansen) Gell. et 
Negroni 60, 154, 155, 156, . 
159 

— mellis Fabian et Quinet 149, 150, 
152, 208, 211 

— mellis-acidi von Richter 210, 211 

— mongolicus Saito 173, 174, 177, 224 

— nadsonii Guill. 149, 152 

— nectarophilus Lochhead et Farrell 
208, 211 

— nussbaumeri Lochhead et Heron 
149, 150, 152, 210, 211 

— paradoxus (Batschinskaia) Klécker 
123 

— pastort Guill. 197 

—  perspicillatus Sacchetti 210, 211 

pint Holst 199 
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Zygosaccharomyces polymorphus Kr. et 
Krumbh. 143, 145, 146, 149, 
152, 224 

— polymorphus Kr. et Krumbh. f. 
craterica 146, 152 

— polymorphus Kr. et Krumbh. f, 
stellata 146, 152, 153 

— polymorphus Kr. et Krumbh. f. 
typica 146, 152 

— priorianus Klécker 135, 211, 217 

— ravennatis Sacchetti 210, 211 

— richteri Lochhead et Heron 208, 


211 
— rugosus Lochhead et Farrell 149, 
150, 152 
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Zygosaccharomyces salsus Tak. et Yuk. 
143, 144, 149, 150, 151 

— salsus Tak. et Yuk. var. saccharo- 
sum Tak. et Sano 149, 150, 152 

— soya (Saito) Tak. et Yuk. 142, 144 

— variabilis Kr. et Krumbh. 143, 
144, 146, 152 

— versicolor Sacchetti 184, 185, 187 

— vini Naganishi 143, 145, 151 

Zygosaccharomycodes 129 

— paradoxus (Batschinskaia) Nishi- 
waki 123 

Zymonema alvarezsotoi (Mazza et Niiio) 
C. W. Dodge 467 

— brasiliense Splendore 620 
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